el 20603 - 6D fonkine)
I%BN - 2503 - 3054 (prn)

VOLUME } Na 1 EfHER| SEFTEMBER 1018

REKA BUANA

JURMAL ILMIAN TERNIK SIFIL DAN TERMIA KIMIA

HLIUTRETTAY
THIAHUWANA TIENCGOADEWY MeLAME

mi TR Sick ml
UnitermiGilas Tiihbusaiia Tisg el =i

JL Telmgs Waina Biak €, Thgamas Malsmg G51484
Telegon  Fam. - OF 0 - $85500 . SEARTD

tman | respbganeiuniroar s




sl [ aEILUT - L s - ks - S CUBENCHES - ARl TEONTE OO AnE SO CDRTRT B A=

gy o S ML ] g T [DTLE

Vol 3, No 2 (2018} ——
EDISI SEPTEMBER 2018 Pt B

Farllull neinlmlFedis

DO P b oy 10 1L ARG renalmpara v 11

MriireE agwsicoci

Table of Contents

Articias

bmurnasl. Hinkoep

Srermactaaten | et Hambe ey sl Soan Dan erhagad gt Slami peds
Bz v Yosde Vbl

lﬂ-ﬂlrﬂhﬁ_'ﬂﬁmﬁﬁﬂum Fae onimd: T Ry
D == -puwwi w12 Sedoermmmeew 750

Lemimd

sarm Bewwmms . Devew L Y Cee Feg Spme LI Doeeum T

e iy ANMAES Tehowdag Degrad as! ©imeah Mo b Sl vt Maigurang vl s acogn
Uenrrmaren S Lask S alsawsia = 06

X P Garpr Rt Arugs T S0 Wi

L ST PP R R R P R e
apm imeeans Lewrs 2 P D g sseal RIS Seeemar S
P i arman Coomangtr ik Pl liencdong W kiene Catuperen | erhais NTT g
S Bfrrew Ceees L ST e P e bl e | RE

ot an REsB0 At n Lngri gy EHEA (Faia b dan Periian Warga
g urnartan Eaargiu irdadi) Tertadap darepet. ihirmh langaa e B2V
B Sk Sorvi Dechfy Retctioney, Cild & hoorids
il = -] LTerms el o
e v rwt b FH L Py shear (108 Beemaw 0TF

Sl bl i Pt Lt md oo P R B L D, Bl e A T M e CH ki g Mo Pl |
ilmn S B o it g JOB-1 71

A b Aroeei e B Ta! Rty TSSO VAT DT T TR
BT =y dw Bl ey L T e w1 LT
e e e P D Pl ey Y S i}
Rl ELLE) tm.ﬁrﬂ'rum'l_']mu Edminniun Frondrr
X Cvvwing S wiein. BewdsTed Soe0p mvdied, Ageed Hpad SEnp

EOE =g vw gy 10 TV Friompps ey 8L [Eik

ey LEE-LIT

BT e PR RGeS el Bl AL

Tl irasd et Brvppes i grtspninsad Limyron Bt i SMerganmiosn Tesnong' beimoing
Soyr v il Mard el S Bl &1 sy | Bt he © bee v s A1

X viery ddnurtuay Metre Tiglh doerablt Tosdrt) Kasga Wirdet et Tisan Guan
D = e L Y Pt e = S0
e drywem Dewm oo FIT Doy iplwspy 10 Comappn  BEE

Blund] Parmsdi f aa Lar iy Sustiber Junsbed unnlut Pairafias Bkt hae oy i dar .
Trrmesyis 1 Saqarearsn DU nm K7, (e e Maling g 11143

A aw Fro Rsumam, Jangop Rma e

== I S T AR RN BT

L] Sl BB = T e gl vl 160 D

Coorttraad sy | 5w Adal SYrostes pactd Peeriudlier Do har dad | Crisalt Jegess
Tesas g 1ER-347

A rirnda et Somr Prrtewoni &ia Aagpros. B! L At oo A
M == womm g5 D Bk v 2.2 700
e bpwwewn e A FT - ey ey 300 B WY
T R PR e Podess: Pested Tasca i KDk | 09 ProDo nggn
B iy kil Frivvmsentrn Fabin Kortiin Widvauli

il = rw e g il DT Sk e e oL L il

wgm A0 11T

s | W D b FOR | e Py el 18] S [ETF

Ferudiees (T S0P HEF CINTITESS M
irength COMpressive
WHDF'FI rrEesgim (D R I
frpingge  exermipi el e
extractan  fermenation  fAood
fond discharge fly ash liguid
ETHHR monpe neaspu H isfuil
SESLAJE IO

L

L ":_- .| 1o i


https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaW5kZXg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYW5ub3VuY2VtZW50
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjZm9jdXNBbmRTY29wZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvY29udGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsVGVhbQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZGlzcGxheU1lbWJlcnNoaXAvMzY=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTA=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjYXV0aG9yR3VpZGVsaW5lcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjb25saW5lU3VibWlzc2lvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjYXV0aG9yRmVlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xR3F4QzZXMmR2a2hBV3VZaEpuODFwRElnSm9VNXExTTkvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvaGlzdG9yeQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvcGFnZXMvdmlldy9zdGF0aXN0aWM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvY29udGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTU=
https://getfireshot.com/pdf_aHR0cHM6Ly9zaW50YS5yaXN0ZWticmluLmdvLmlkL2pvdXJuYWxzL2RldGFpbD9pZD0zODQ0
https://getfireshot.com/pdf_aHR0cHM6Ly9zaW50YS5yaXN0ZWticmluLmdvLmlkL2pvdXJuYWxzL2RldGFpbD9pZD0zODQ0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaW5kZXg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvYXJjaGl2ZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvdmlldy8xMjY=
https://getfireshot.com/pdf_aHR0cHM6Ly9kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2ky
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NA==
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjk2NA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NCNhcnRpY2xlQWJzdHJhY3Q=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NCNhcnRpY2xlQ2l0YXRpb25z
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NC85NjQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjk2NQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NSNhcnRpY2xlQWJzdHJhY3Q=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NSNhcnRpY2xlQ2l0YXRpb25z
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NS85NjY=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2Ng==
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjk2Ng==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NiNhcnRpY2xlQWJzdHJhY3Q=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2NiNhcnRpY2xlQ2l0YXRpb25z
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3Lzk2Ni85NzI=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTU=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTU=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvYXJjaGl2ZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoL2F1dGhvcnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoL3RpdGxlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYnJvd3NlU2VhcmNoL3NlY3Rpb25z
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9pbmRleA==
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwMTU=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTUjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTUjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTUvOTc4
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTc=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTc=
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwMTc=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTcjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTcjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTcvOTc5
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTg=
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwMTg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTgjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTgjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTgvOTgw
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTk=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTk=
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwMTk=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTkjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTkjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMTkvOTgx
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjA=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjA=
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwMjA=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjAjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjAjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjAvOTgy
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjI=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjI=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuYXB0ZWtpbS5vcmcv
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xZ2E4RDl4emFGcVlBdWNpNmxkSUd0QXlYSXVjRkJPOHgvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xZ2E4RDl4emFGcVlBdWNpNmxkSUd0QXlYSXVjRkJPOHgvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cudXRobS5lZHUubXkvZW4v
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xdV9QcHRTM2lCNjREWjJBZ3g5THJJUmlVM2I1ZDU3QXMvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cDovL2phc2F0aXJ0YTEuY28uaWQvaWRfSUQv
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xWmJxVzNxQms1SWtZdGhncWJ1ZWJ1ZWJnRTRWUEdZSFUvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwMjI=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjIjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjIjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwMjIvOTgz
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwNDg=
https://getfireshot.com/pdf_aHR0cHM6Ly9keC5kb2kub3JnLzEwLjMzMzY2L3Jla2FidWFuYS52M2kyLjEwNDg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwNDgjYXJ0aWNsZUFic3RyYWN0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwNDgjYXJ0aWNsZUNpdGF0aW9ucw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvY3VycmVudA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYXJ0aWNsZS92aWV3LzEwNDgvOTg0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL3B1YmxpYy9qb3VybmFscy8xMy9jb3Zlcl9pc3N1ZV8xMjZfZW5fVVMuanBn
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cubWVuZGVsZXkuY29tL2Rvd25sb2FkLWRlc2t0b3AtbmV3Lw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuZ3JhbW1hcmx5LmNvbS8=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cudHVybml0aW4uY29tLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9wbGFnaWFyaXNtY2hlY2tlcnguY29tLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9YmlvZGllc2Vs
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29hcnNlJTIwYWdncmVnYXRl
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29tcHJlc3Npb24lMjBzdHJlbmd0aA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29tcHJlc3NpdmUlMjBzdHJlbmd0aA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29uc2VydmF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZGlzdGlsbGF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZHJhaW5hZ2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXNzZW50aWFsJTIwb2lscw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXRoYW5vbA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXh0cmFjdGlvbg==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZmVybWVudGF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmxvb2Q=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmxvb2QlMjBkaXNjaGFyZ2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmx5JTIwYXNo
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bGlxdWlkJTIwc21va2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bW9ydGFy
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bmFrYXlhc3U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9cEg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9cmFpbmZhbGw=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9c2VlcGFnZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9c3RhYmlsaXR5
https://getfireshot.com/pdf_aHR0cHM6Ly9pbmZvLmZsYWdjb3VudGVyLmNvbS9JNlhK
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvZ2F0ZXdheS9wbHVnaW4vV2ViRmVlZEdhdGV3YXlQbHVnaW4vYXRvbQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvZ2F0ZXdheS9wbHVnaW4vV2ViRmVlZEdhdGV3YXlQbHVnaW4vcnNzMg==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvZ2F0ZXdheS9wbHVnaW4vV2ViRmVlZEdhdGV3YXlQbHVnaW4vcnNz
https://getfireshot.com/pdf_aHR0cDovL3UubGlwaS5nby5pZC8xNDU4MDY5MjQ2JTIy
https://getfireshot.com/pdf_aHR0cDovL3UubGlwaS5nby5pZC8xNDU4NzA2OTkx
https://getfireshot.com/pdf_aHR0cHM6Ly91bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_aHR0cHM6Ly9wcmVzcy51bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9wdWJsaWthc2kudW5pdHJpLmFjLmlkLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvdXNlci9yZWdpc3Rlcg==
https://getfireshot.com/pdf_aHR0cHM6Ly9wcmVzcy51bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_dGVsOis2Mjg1Nzk3MDk0NzI0
https://getfireshot.com/pdf_aHR0cHM6Ly9hcGkud2hhdHNhcHAuY29tL3NlbmQ/cGhvbmU9KzYyODU3OTcwOTQ3MjQmdGV4dD1JbmZvJTIwUmVrYSUyMEJ1YW5hOg==
https://getfireshot.com/pdf_bWFpbHRvOnJla2FidWFuYUB1bml0cmkuYWMuaWQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9jcmVhdGl2ZWNvbW1vbnMub3JnL2xpY2Vuc2VzL2J5LXNhLzQuMC8=
https://getfireshot.com/pdf_aHR0cHM6Ly9jcmVhdGl2ZWNvbW1vbnMub3JnL2xpY2Vuc2VzL2J5LXNhLzQuMC8=

sl [ aEILUT - L s - ks - S CUBENCHES - ARl TEONTE OO AnE SO CDRTRT B A=

Editor in Chief

Hun hesiiianld Maalabwig, PO, SO0 e IR0 EERME00, Fogiim Tud Teadilh KW Fecslls Tebiih,
Ursenriiias Tiisturwwrid [Legmades| Halpng, srémneyis

Managing Editor

Il-:nu Crargzg Kok Pl Pograen Sl Tednly £0ng Faaunes Beasly, Unpersun Trighinva Tundgades “aeg M "arbwrad posd

Editors

Haivh Avsil Aalsias, (SCOOUE B0 - ETIEe T R95L Mg Siudd Toeeds Kisls, Fibuller Termdoyg: Soliill!, SvillTil it Hinkorey
Tearzzngl Mlasinnal Msuang, aretE

bivul FHEDN Hemg, (HOAS T FTAIEFERINIT fumases Teendl wOmel Feuce: Tehnh Lvsennmm Bawilepe el il T
g ek wils

hanag St Kives, Frogrem Shadl beardi Sigl, Dt et Unieerutm Hahemmaztes® e, el YR T, SN
il M Lumiaeas harugin Weri SgHL Podiemn & eeget] Maling, manes s

b Wuanssw, (SOOI 1D SPI0TSRTN), euses Tewnie Nimls, Feauliey Tewnli, il egeil Sermmang
|'I'.Fh'I'I=|J TediT TS IlJ'I'l-'I'I.'II

RS Luprld St PO IO £ P, P D0SES
M Dlama, koo ek Sl Pasclles Irn s, Uresmshae | amesng, nismesla
i Ratyihm| Handasarr. Pragram St Tens Kleii, ¢ pioioer T=hraiegl Indomrl b Teommaogl hesenay Mvang,

Fubiiceiioe Ciher

Farllull neinlmlFedis

deg i Fom

NIt THE L

Lemimd

| e il P Tewmis Spi| @rvrwiur, Psansn e K ‘I'lllr||;||;|g.._l|]ﬂvl basrvir= drrpet Loranaps, re e
Wi B N T, b Tehn Sigal Lywwermnas Indm Bl indones-s

o 1

(& grammarly

turnitin /)

=>4

-m = STy Ty z
Ferdres, (TR BT E CTETEITETL N
mrength Compressive
mﬁw cimiwewaibin UV RLA o

rramage  emerelsl sl elhangi
elraictan  fermentation  Hood

fiond dischaige fly ash ligaid
TR i B ETTE T FH =i

FRALAGE ATy

for} L1,


https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaW5kZXg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYW5ub3VuY2VtZW50
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjZm9jdXNBbmRTY29wZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvY29udGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsVGVhbQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZGlzcGxheU1lbWJlcnNoaXAvMzY=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTA=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjYXV0aG9yR3VpZGVsaW5lcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjb25saW5lU3VibWlzc2lvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjYXV0aG9yRmVlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xR3F4QzZXMmR2a2hBV3VZaEpuODFwRElnSm9VNXExTTkvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvaGlzdG9yeQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvcGFnZXMvdmlldy9zdGF0aXN0aWM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvY29udGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTU=
https://getfireshot.com/pdf_aHR0cHM6Ly9zaW50YS5yaXN0ZWticmluLmdvLmlkL2pvdXJuYWxzL2RldGFpbD9pZD0zODQ0
https://getfireshot.com/pdf_aHR0cHM6Ly9zaW50YS5yaXN0ZWticmluLmdvLmlkL2pvdXJuYWxzL2RldGFpbD9pZD0zODQ0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvYXJjaGl2ZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoL2F1dGhvcnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoL3RpdGxlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYnJvd3NlU2VhcmNoL3NlY3Rpb25z
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9pbmRleA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuYXB0ZWtpbS5vcmcv
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xZ2E4RDl4emFGcVlBdWNpNmxkSUd0QXlYSXVjRkJPOHgvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xZ2E4RDl4emFGcVlBdWNpNmxkSUd0QXlYSXVjRkJPOHgvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cudXRobS5lZHUubXkvZW4v
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xdV9QcHRTM2lCNjREWjJBZ3g5THJJUmlVM2I1ZDU3QXMvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cDovL2phc2F0aXJ0YTEuY28uaWQvaWRfSUQv
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xWmJxVzNxQms1SWtZdGhncWJ1ZWJ1ZWJnRTRWUEdZSFUvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cubWVuZGVsZXkuY29tL2Rvd25sb2FkLWRlc2t0b3AtbmV3Lw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuZ3JhbW1hcmx5LmNvbS8=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cudHVybml0aW4uY29tLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9wbGFnaWFyaXNtY2hlY2tlcnguY29tLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9YmlvZGllc2Vs
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29hcnNlJTIwYWdncmVnYXRl
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29tcHJlc3Npb24lMjBzdHJlbmd0aA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29tcHJlc3NpdmUlMjBzdHJlbmd0aA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29uc2VydmF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZGlzdGlsbGF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZHJhaW5hZ2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXNzZW50aWFsJTIwb2lscw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXRoYW5vbA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXh0cmFjdGlvbg==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZmVybWVudGF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmxvb2Q=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmxvb2QlMjBkaXNjaGFyZ2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmx5JTIwYXNo
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bGlxdWlkJTIwc21va2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bW9ydGFy
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bmFrYXlhc3U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9cEg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9cmFpbmZhbGw=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9c2VlcGFnZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9c3RhYmlsaXR5
https://getfireshot.com/pdf_aHR0cHM6Ly9pbmZvLmZsYWdjb3VudGVyLmNvbS9JNlhK
https://getfireshot.com/pdf_aHR0cDovL3UubGlwaS5nby5pZC8xNDU4MDY5MjQ2JTIy
https://getfireshot.com/pdf_aHR0cDovL3UubGlwaS5nby5pZC8xNDU4NzA2OTkx
https://getfireshot.com/pdf_aHR0cHM6Ly91bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_aHR0cHM6Ly9wcmVzcy51bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9wdWJsaWthc2kudW5pdHJpLmFjLmlkLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvdXNlci9yZWdpc3Rlcg==
https://getfireshot.com/pdf_aHR0cHM6Ly9wcmVzcy51bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_dGVsOis2Mjg1Nzk3MDk0NzI0
https://getfireshot.com/pdf_aHR0cHM6Ly9hcGkud2hhdHNhcHAuY29tL3NlbmQ/cGhvbmU9KzYyODU3OTcwOTQ3MjQmdGV4dD1JbmZvJTIwUmVrYSUyMEJ1YW5hOg==
https://getfireshot.com/pdf_bWFpbHRvOnJla2FidWFuYUB1bml0cmkuYWMuaWQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9jcmVhdGl2ZWNvbW1vbnMub3JnL2xpY2Vuc2VzL2J5LXNhLzQuMC8=
https://getfireshot.com/pdf_aHR0cHM6Ly9jcmVhdGl2ZWNvbW1vbnMub3JnL2xpY2Vuc2VzL2J5LXNhLzQuMC8=

sl [ aEILUT - L s - ks - S CUBENCHES - ARl TEONTE OO AnE SO CDRTRT B LD -

L= Tl g
e . dfTri vw mo o N _.“‘ﬁ By, g
& Forgod yowr pEzvagrr’

People il -

Feviewers
Pt [ & pharrfont DCA, ROOPUY ID; ShEe0 001, Prospem Stall Tesnds W ieds, Fokusas Trimsisg: indumiil, imiin
lew o Sepaish Fnpember Sawteyn, roones b

[, mg Lufermen Suhenman, [EIDPE O | STLWERTIMYY], CHAIESAAN W TEDRM jiamlyy Pendigiags Tngn Ten
K11 | nlErEid], DdDaEi el

[, WLk Aryardl SI0RUA 10 | JSEM0IUSHEY CO-CHAMMAN APTENM pimas Pestdimn Tyl Tekrin Eims
Iy rs, miresE

Cr. Kypnorad Welben Baifon GTDPUS HF | 518000 SR wHETH Dabang MLk, (Hrelw sy Peru= [xss e L.
I e g

AT NS R THIEEL]

e Cxde Agun Salire, SCOPUS 157000 PROAT T P, Sy, Wl das Gryrhunen Syyra® Kendarl, niionees

imd

hooc Pt O Maod Tesmm e, SO00A B 3 HTE TR Deermmes o hilding 4 Deramnuecion Engoeering, it Hot oo
Faoisy of Owll e EreswanmeTial £ogineering Liapees! Tin Hemein O Hainsa Halkya

4. s Armadllal Wiakd Tl I'-.h:':ﬂ.l i 5:}:'#|.!iﬂ D s =], i TH"IIH!"T i i ['I'H:H:ll:lllbh.
facumy of Techvmogy frgneerieg, Unrerrhl Tan Manaein One Halomdas, Halapda

Kin Agrzewehy Fpdprwsril Pl SUCPUL WO IS TEAERT DL Frogqoem Soid Weemll ©enla. Fpinrtey el

Elpiemny e § iy i [rre—— S FPE D p Q7 [ ey s, i § S ey e i e e ) g oy d § i o — g e By o

klgrijean Malarg irejsresin
Ca. hyirg Hosssine a, (ZO0FUE TG S0 FRARN 1L Songuues Shiedl Tewrds Kl Pairsssih Maager FMugng [ndoria

Ratly wudri Hagaasl D OO oD BEER P2 VR0, Program Ludt Tesels Dol Famunes Tl fusishn s Bege
Bl g, ey i

Or Deeria S0 g L CRDPUS T STERIIPL T, It Tesmi Tiod. Fesunnt Saive dan Femik, cnb=1itm mMos
Corgdesa, sy Nifle It

Co.Miwe Badil, 350U 10 - §700 b e |, Beiapio Sl il Spd, beaian Tensds SEL, Podiahh s Heggei | Maling,
irfimreu s

o Egg Choverorgs aiva) Bariflessgyl UOALA 1D - S5 WHED aninen Teimis Kima, Fpineon Temikl, (ndversegr
B g a3, 0002l

Arapratteta Misw dotdli, (DO (1 STLS4ZE L)) Departaieen Teani Skt Fasaas Tekn s Tl Linguorgat, das
Ertnrriat, angth lebrmey) Wmuish lasemise Sumseya, umneela

Bprra (Hmpeipr [HOHLS HE SSGLELYT00ET [umee Tem s Dmip, Faineos, Teeoa, |mveruey fresdmn e iy

Cfvire M LD SCOPUS [ STIERITION Oeparisdie of (s Engndin g Faluily T Endireaminl. UsalisE
bl Sermaniy. el

Br. Clan Rgore, [MOFUS © © 57T1HGINANL Fopam S Jeedi Sipli Fpbuties Tevdih Urirerifies frinhesare
lugnades| Mslarg marmeys

(& grammarly

turnitin /)

=>4

Ferdres, (TR BT E CTETEITETL N
mrength Compressive
mﬁw cimirnaikin Dl Rl
rraTEe FEiET LA i ki wihamei
elraictan  fermentation  Hood
fiond dischaige fly ash ligaid
TR i B ETTE T FH =i
FRApNGE MEEILY

for} L1,


https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaW5kZXg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYW5ub3VuY2VtZW50
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjZm9jdXNBbmRTY29wZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvY29udGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvbG9naW4=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvdXNlci9yZWdpc3Rlcg==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvbG9naW4vbG9zdFBhc3N3b3Jk
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsVGVhbQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZGlzcGxheU1lbWJlcnNoaXAvMzY=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTA=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjYXV0aG9yR3VpZGVsaW5lcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjb25saW5lU3VibWlzc2lvbnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvc3VibWlzc2lvbnMjYXV0aG9yRmVlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xR3F4QzZXMmR2a2hBV3VZaEpuODFwRElnSm9VNXExTTkvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvaGlzdG9yeQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvcGFnZXMvdmlldy9zdGF0aXN0aWM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvY29udGFjdA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZWRpdG9yaWFsUG9saWNpZXMjY3VzdG9tLTU=
https://getfireshot.com/pdf_aHR0cHM6Ly9zaW50YS5yaXN0ZWticmluLmdvLmlkL2pvdXJuYWxzL2RldGFpbD9pZD0zODQ0
https://getfireshot.com/pdf_aHR0cHM6Ly9zaW50YS5yaXN0ZWticmluLmdvLmlkL2pvdXJuYWxzL2RldGFpbD9pZD0zODQ0
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaW5kZXg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYWJvdXQvZGlzcGxheU1lbWJlcnNoaXAvMzY=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvaXNzdWUvYXJjaGl2ZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoL2F1dGhvcnM=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoL3RpdGxlcw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvYnJvd3NlU2VhcmNoL3NlY3Rpb25z
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9pbmRleA==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuYXB0ZWtpbS5vcmcv
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xZ2E4RDl4emFGcVlBdWNpNmxkSUd0QXlYSXVjRkJPOHgvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xZ2E4RDl4emFGcVlBdWNpNmxkSUd0QXlYSXVjRkJPOHgvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cudXRobS5lZHUubXkvZW4v
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xdV9QcHRTM2lCNjREWjJBZ3g5THJJUmlVM2I1ZDU3QXMvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cDovL2phc2F0aXJ0YTEuY28uaWQvaWRfSUQv
https://getfireshot.com/pdf_aHR0cHM6Ly9kcml2ZS5nb29nbGUuY29tL2ZpbGUvZC8xWmJxVzNxQms1SWtZdGhncWJ1ZWJ1ZWJnRTRWUEdZSFUvdmlldz91c3A9c2hhcmluZw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cubWVuZGVsZXkuY29tL2Rvd25sb2FkLWRlc2t0b3AtbmV3Lw==
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cuZ3JhbW1hcmx5LmNvbS8=
https://getfireshot.com/pdf_aHR0cHM6Ly93d3cudHVybml0aW4uY29tLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9wbGFnaWFyaXNtY2hlY2tlcnguY29tLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9YmlvZGllc2Vs
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29hcnNlJTIwYWdncmVnYXRl
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29tcHJlc3Npb24lMjBzdHJlbmd0aA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29tcHJlc3NpdmUlMjBzdHJlbmd0aA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Y29uc2VydmF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZGlzdGlsbGF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZHJhaW5hZ2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXNzZW50aWFsJTIwb2lscw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXRoYW5vbA==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZXh0cmFjdGlvbg==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9ZmVybWVudGF0aW9u
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmxvb2Q=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmxvb2QlMjBkaXNjaGFyZ2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9Zmx5JTIwYXNo
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bGlxdWlkJTIwc21va2U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bW9ydGFy
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9bmFrYXlhc3U=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9cEg=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9cmFpbmZhbGw=
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9c2VlcGFnZQ==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvc2VhcmNoP3N1YmplY3Q9c3RhYmlsaXR5
https://getfireshot.com/pdf_aHR0cHM6Ly9pbmZvLmZsYWdjb3VudGVyLmNvbS9JNlhK
https://getfireshot.com/pdf_aHR0cDovL3UubGlwaS5nby5pZC8xNDU4MDY5MjQ2JTIy
https://getfireshot.com/pdf_aHR0cDovL3UubGlwaS5nby5pZC8xNDU4NzA2OTkx
https://getfireshot.com/pdf_aHR0cHM6Ly91bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_aHR0cHM6Ly9wcmVzcy51bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9wdWJsaWthc2kudW5pdHJpLmFjLmlkLw==
https://getfireshot.com/pdf_aHR0cHM6Ly9qdXJuYWwudW5pdHJpLmFjLmlkL2luZGV4LnBocC9yZWthYnVhbmEvdXNlci9yZWdpc3Rlcg==
https://getfireshot.com/pdf_aHR0cHM6Ly9wcmVzcy51bml0cmkuYWMuaWQv
https://getfireshot.com/pdf_dGVsOis2Mjg1Nzk3MDk0NzI0
https://getfireshot.com/pdf_aHR0cHM6Ly9hcGkud2hhdHNhcHAuY29tL3NlbmQ/cGhvbmU9KzYyODU3OTcwOTQ3MjQmdGV4dD1JbmZvJTIwUmVrYSUyMEJ1YW5hOg==
https://getfireshot.com/pdf_bWFpbHRvOnJla2FidWFuYUB1bml0cmkuYWMuaWQ=
https://getfireshot.com/pdf_aHR0cHM6Ly9jcmVhdGl2ZWNvbW1vbnMub3JnL2xpY2Vuc2VzL2J5LXNhLzQuMC8=
https://getfireshot.com/pdf_aHR0cHM6Ly9jcmVhdGl2ZWNvbW1vbnMub3JnL2xpY2Vuc2VzL2J5LXNhLzQuMC8=

Reka Buana : Jurnal Ilmiah Teknik Sipil dan Teknik Kimia, 3(2), 2018, page 122-127

Tersedia online di https://jurnal.unitri.ac.id/index.php/rekabuana

ISSN 2503-2682 (Online)
ISSN 2503-3654 (Cetak)

Review Kuat Tekan Beton Polos dari Perspektif Mekanika Fraktur

Danang Murdiyanto!, Sunik?, Benedictus Sonny Yoedono3, Agnes Hanna Patty*
1,234 Fakultas Teknik Universitas Katolik Widya Karya Malang
e-mail : danang t.mesin@widyakatya.ac.id

ABSTRACT

Concrete is a discreet material that consist of aggregate as filler and cement paste (matrix) as binder. Both of them work
together as a composite or monolithic mechanism, depends on the interface gome characteristic that developed by aggregate.
Monolithic mechanism leading to failure catastrophically (brittle and instantly), while composite mechanism prevails
Sailure occurs gradually. Monolithic mechanism maybe found in high strength concrete where hardness and stiffness of
aggregate are compatible with their matrix. At the moment when the matrix tensile strength (f;) is reached. The cracks
will propagate quickly cutting both aggregates and matrix, as well at once. Contrary to the composite condition, when the
matrix tensile strength is reached, the aggregate will take over the load and the crack will propagate through the interface
zone. The perspective of fracture mechanics and the failure parameters explain the mechanism of crack propagation based
on the energy principles. This investigation reviews the phenomenon of concrete compressive strength with angular
aggregates compared to rounded aggregates on cylindrical specimens with diameter (d) 15 cm and beight (h) 30 e of the
same compressive strength. The difference between them, shows the tendency of the influence of the interface one as
traction, which significantly contributes to the performance capacity before collapse.

Keywords: compressive strength; fracture mechanic; performance capacity

1. PENDAHULUAN
Beton digolongkan sebagai material G

dimana:

, = laju pelepasan energi regangan

diskrit yang terdiri atas dua komponen utama
yaitu agregat sebagai pengisi filler dan pasta
semen (matriks) sebagai binder; keduanya
tethubungkan melalui Znterface zone. Dalam
mekanika  fraktur,  interface yang
dikondisikan signifikan  oleh
karakteristik agregat (permukaan, kekakuan
di),

terhadap traksi sebagai media laju pelepasan

gome
secara
/kekerasan,  geometti, berdampak
energy regangan atau yang dikenal sebagai
fracture energy. Shah [1] memformulasikan
‘keruntuhan’ sebagai laju pelepasan energi
regangan bagi material beton yang kuasi-regas

(composite mechanism) yaitu:

untuk material kuasi-regas
G, = laju pelepasan energi regangan
kritis untuk material elastik
Gs = laju pelepasan energi regangan
karena closing pressure / traksi
Pada kasus material elastik linier (wonolitic
mechanism/ getas), persamaan (1) menjadi :
G=6G,,...2)dan G,= G5 ...(3)
daktail.
ditunjukkan berturut-turut pada Gambar 1a,

untuk  material Fenomena ini
dan 1b dalam bentuk diagram beban-
deformasi untuk elastik linier bagi yang
dan bagi yang

monolitik, kuasi-regas

komposit.
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(a)

(b)

Gambar 1. Pola keruntuhan material beton untuk kriteria fraktur

a) getas, b) kuasi regas

adalah  bahwa,
struktur beton penuh dengan retak awal. ACI
(1989)
concrete structures are full of cracks?. Dari sudut

Sebuah  kenyataan

menyatakan dengan sangat jelas,
pandang strength of materials lubang berdampak
pada pengurangan penampang, diikuti oleh
tegangan ‘f yang apabila
melampaui ambang batas, akan menyebabkan

peningkatan

keruntuhan. Sebaliknya, dari sudut pandang
mekanika fraktur, intensitas tegangan ‘K’ yang
relatif tinggi eksis pada zona disekitarnya
lubang ; semakin tajam ujung lubang (crack-
1p), intensitas tegangan K semakin tinggi.
Sebagaimana definisi keruntuhan menurut
mekanika tegangan:

S</f, (kriterialeleh) .................. “
f<f (kritetia service)................... 5)
definisi keruntuhan menurut mekanika
fraktur

K <K atau G < G, (kriteria fraktur) ...........

dimana, f = tegangan

K = faktor intensitas tegangan

G = energy fraktur
K dan G dihubungkan oleh persamaan:

K. maupun G, menunjukkan nilai kritis dari
faktor intensitas tegangan dan energi fraktur
yang dikenal sebagai ketegaran fraktur (fracture
tonghness); retak akan merambat bila nilai kritis
ini dilampaui. Interface one yang terbentuk
karena angularitas, berpotensi berperan
sebagai medan perambatan retak (composite
mechanism) sebagaimana ditunjukkan pada
Gambar 2a. Pada kasus ini ketegaran fraktur
diformulasikan oleh persamaan 1. Ketegaran
fraktur menurut persamaan 2 diaplikasikan
pada kasus monolitik (monolithic mechanism)
pada Gambar 2b dimana perambatan retak
terjadi begitu cepat memotong baik matriks
maupun agregat sekaligus. Hal ini terjadi pada
dimana kekakuan,

beton mutu tinggi

berimbang/kompatibel dengan matriksnya.

Gambar 2. Mekanisme
> perambatan retak
a) komposit, b) monolitik
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Material beton dengan agregat yang angular  ditunjukkan pada Gambar 3P, Dalam hal ini
juga memiliki potensi untuk menyumbangkan  retak mikro berperanan sebagai penahan
daktilitas sebagai akibat dari terbentuknya retak (crack arrester) sedemikian rupa dan
retak mikro di ujung retak aktual sebagaimana  menghadirkan decending part pada Gambar 1b

composite action

micro cracks

' i
>— [, >
traction free bridging/
FPz

Gambar 3 . Zona proses fraktur - composite mechanism

Maji dan Shah (1998)[5], menggunakan /aser  elastik, inelastik, dan runtuh (Gmb 4.a , 4.b,
holography untuk mengamati terjadinya retak 4.c, 4.d, 4.¢, 4.f, 4.2).
awal dan propagasinya dimulai pada tahap

Y

Gambar 4. Propagasi retak pada model pelat beton yang diberi beban tekan uniaxial, diamati
menggunakan /aser holography : a) kurva beban-perpindahan, b) pola retak pada titik 1, ¢) pola retak pada
titik 2, d) pola retak pada titik 3, €) pola retak pada titik 4, f) pola retak pada titik 5, dan g) pola retak
pada titik 6
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Sejauh ini, investigasi/ penelitian telah
banyak dilakukan terhadap kuat tekan beton
dasar  untuk

sebagai memprediksi

karakteristik kekuatannya!® Disamping
postulasi dasar yang selama ini digunakan

— Pr

sebagai  kuat tekan

yaitu ',
karakteristik, terdapat banyak metode
berbeda juga digunakan, Zain M.F.M, et al
(2010) memperkenalkan multivariable power
equation sebagai sebuah metode yang efektif
untuk memprediksi kekuatan; dalam bentuk
umum dinyatakan sebagai'”

Xon

n

Y = AoX; X2 X5 (8)

Jika diaplikasikan pada perhitungan kuat
tekan beton pada umur tertentu, persamaan
(8) menjadi :

fage =

agCUW 2 FA%SCA% o (w/c)? ... (9)

dimana C = semen
W =ar
FA = pasir
CA = agregat
p = berat jenis beton
wfe = faktor air semen

adalah variabel-variabel yang menentukan
nilai kuat tekan beton. Berdasarkan sudut
pandang mekanika fraktur, variabel-variabel

pertumbuhan retak  (factor stability  crack
growth). Sidney Mindess dan J. Francis
Young (1981) mengeksplorasi tiga faktor
utama yang berperan dalam proses stability
crack growth yaitu, agregat, zona retak mikro
(Gambar 3) dan tipe pembebanan”. Adam
M. Neville (1997) sebuah
hubungan korelasi aggregat  bond
oleh
elastisitas

mengkaji
antara
(dipengaruhi angularitas) dengan
Perbedaan

modulus elastisitas agregat dan pasta semen

modulus beton.
menunjukkan karakteristik tegangan pada
interface gome yang terimplementasikan pada
hubungan tegangan dan regangan“oJ

Penelitian ini  bertujuan  untuk
mereview kuat tekan beton normal dengan
angularitas agregat yang berbeda dipandang
dari perspektif mekanika fraktur. Benda uji
sejumlah 18 silinder dengan diameter 15 cm
dan tinggi 30 cm, terdiri dari 9 silinder
dengan agregat angular (bersudut) dan 9
silinder dengan agregat rounded (bulat).
Campuran menggunakan Semen Portland
Tipe 1. Silinder diuji tekan dan dihitung
kekuatan tekannya (f). Hasil kekuatan tekan

dibandingkan dan dianalisis.

2. HASIL DAN PEMBAHASAN
Hasil pengujian dapat dilihat pada

Grafik 1, dengan sumbu x adalah benda uji

ini  merupakan faktor-faktor stabilisasi dan y adalah kuat tekan beton f, (MPa).
53.39
60 49471 o
50 4377 43,14 43,54 9507 4388
39,92
E 403250 )
< 30 37,14
L 20 30,52 o ~ 3057 —&— Angular
20,04
1021 2361 2008 ¥ 5117 Rounded
16,19
0
1 2 3 4 5 6 7 8 9
Benda Uji

Grafik 1. Perbandingan kuat tekan beton (f) agregat angular dan rounded
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Perbedaan nilai kuat tekan antara
beton dengan agregat amgular dan beton
dengan agregat rounded secara signifikan
ditentukan oleh pola perambatan. Saat
pembebanan (Lading) benda uji menyerap
energi. Energi yang diserap ini akan
/ dilepaskan

pelepasan  beban  (wnloading).

didisipasi seiring  dengan
Kecepatan
pelepasan energi ini sangat tergantung pada
karakteristik znterlock antara agregat dengan
matriks melalui nerface zone. Material beton
interface
mengembangkan traksi sedemikian rupa

dengan agregat  angular, gone
sehingga retak dimulai pada tahap inelastis
merambat melalui znterface zome; ketegaran
fraktur  dinyatakan oleh Persamaan.].
Sebaliknya, pada beton dengan agregat
rounded, traksi (dalam terminology mekanika
traktur dikenal sebagai closing pressure) relatif
tidak ada; energi yang diserap saat lading
semata-mata digunakan bagi pembentukan
retak yang dilepaskan sckettka memotong
baik agregat, juga matriksnya schingga
traktur

Persamaan 2. Beban tepat saat #nloading P,

ketegaran dinyatakan ~ dalam

definisinya adalah beban runtuh, selanjutnya

kuat tekan ditentukan sebagai f; = %.
3. KESIMPULAN

Berdasarkan hasil pengujian, dapat
disimpulkan bahwa benda uji dengan

agregat rounded lebih tinggi kuat tekannya

dibandingkan dengan yang angular. Hal ini

dapat dijelaskan sebagai berikut:

1. Pencapaian beban runtuh P, pada
beton dengan sifat monolitik (berarti
getas), berpotensi lebih tinggi, karena
tidak ada energi yang terbuang untuk
perambatan retak. Yang dilepaskan
hanya energi untuk pembentukan retak
sebagaimana diformulasikan pada Pers.
2.
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2. Pada beton dengan sifat komposit
(berarti kuasi-regas), sebagian energi
digunakan untuk formasi retak (crack
formation) beban retak pertama terjadi
pada limit elastis yang lebih rendah dari
P, pada butir 1, sebetulnya belum

Beban,

sesungguhnya masih meningkat sampai

mengakibatkan  #nloading.
pada tahap ketidakstabilan deformasi
(unstable deformation) dimana kehancuran
total terjadi. Beban akhir ini merupakan
P., pada kasus kuasi-regas, yang lebih
rendah dari P, pada kasus monolitik
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