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Marshall Method of Mix Design

Table °.¥ Minimum Percent voids in mineral aggregate (VMA)

Minimum VMA. Percent

Nominal Maximum Particle size (1, Y)

Design Air voids percent

Mm Inch ¥ ‘. .
1A N°Ys Yie Yo Vo
Y.ru N° A V4. . e
tVe N° ¢ Y e ]
3.0 YIN Ve o o
VY. e VI Y Y. Ve . o
o "I K o e
Yo, . Vs X Y. Y
V.. \.0 Ve o X Y
o Y. 1.0 Ve 0 14,0
' r.e 1.0 Yooes T

(AASHTO MaY),

retain more than V+ percent.

values between those listed.

\. Standard specification for wire cloth sieves for testing purposes, ASTM E\\
Y. The nominal maximum particle size is one sixe larger than the first sieve to

Y. Interpolate minimum voids in the mineral aggregate (VMA) for design air void

u_L:gﬂJEglﬂ!M'quf!ﬂialﬁgwmu;&rm ;Lﬁi‘-,:d.iu}ﬂ@).ﬂg.au; KE

l.,_ﬂ.LuY| @_}Aﬂ‘gl_:_“ ‘._-.‘)jzj.!u:.a GMJ@_}RJ@S"&MZ&_MJAJDm t_n_}la:tn C..lLl;\a.“ PRYS
OBl 8 sl

JEY ol e gl u}mmusmtmﬁqguuc_b&@t,hmﬁlm;sp
Ll aie Mﬁuﬁﬁuqgﬁf"@uammmw%mo&uﬂﬂwa}ua&s
i@}_“

Alha] asally (3l Lo abecll

=\

Al il s 3 el
SN dd g % 0 i Uil g ally b 3l s s ] 13} s 0 el
L:Lﬁ)na__mgp,%wu_“nbafiuxc__,ﬁgmjjn@‘;ma_,l;m_-,l;g‘,_uc_‘.c_‘m

NAN. . ¢
Mowasafat Faneya-¢

IRRJARS




VY e sl aall
E'Llnj_.q_.:_’g_);l_\i:l“ u.ﬁﬂ'n,‘f.n:\..]:_,;ldl
ALy a3 Bk Lo el

Sy Aik i dale) o ikl e by 4 9
b le 3315l

IS Ao (8 e 3l g
Blasadl (ya %o e Ju Y

Al il g ey sl

1S a8,

—
paalf

ol gl Bal 3l Lo

M!&}ll_,l;&gﬁ\x(éli)@ﬂi
;_IsL.glIc_d‘aj'._,]:.SQ.,ﬂYx(é.lS)(_‘,__,s.ll
il 3l SIS 0 7 x (218
cilall 301 1S 08 ¢ % (30<) 3l

LjaLdtd_;ﬂ_,l._s@:»;:(&lg@__,ﬂi
Jitall i 5l S e v X (&) G_all

%Y o
%A ia
%4 i
%Y
%Hu:'-‘-'-

%Y s

4y aall ) galt

pacadll gl il L e il gl

pladl J%éﬂﬂLﬂ;ﬁéCﬂLﬁi

b i d;@le@hﬂiwdﬁngﬂl CJﬂIO‘:LmiﬂYJ-Jz’lulgﬁ
Jiwiaa@l@m@ﬂ@muﬂ@u@;\uJlﬂ,umcﬂiémﬁuec_.u -
Dl S ey el s (3 485 iy ool 7l Gilis Casie
el (585 e ST ORI galell A nall sl
eabeal]
dd Ve x Lha %) K %V + 28 Al Ll ey old doally a8 L
8, dusly
ddew x i 95y (K % £ + TaPEJ_,\-PS_)J__tﬂLg_;.GngIM\ »
Jdd e x g9y K % Y + 1--@)\@1?-‘,§Jdgjjlgd_}du:ﬂlg_mﬂl -
[ g sk %Y + AR Y RN o
céﬁlusl,ﬁgﬂlwdh:gugc..wi -
/Y - 1_£;wu¢éjlujlﬂg1iw¢aummoﬁ@u -
:&W‘M'éa&ﬁ'dlﬂhﬂiwaﬁwme@u -
dd Y. IR RN T |
dd e cle—
ded A *6 O w01
dd e V.00 = £
Jdd e Ve -Y oy
Jrd A Yashyety
O %o e Qﬁsmﬁyﬁiﬂgmgﬂ@ﬁihj eoildl e w0 OF Cuali g Y 1 Ll gl 1
s pa Ll 23,0
dsaally (5 gldal) e 3 ety Gl Lo malall ¢

L;#ﬁﬂl sl gs:l.bﬁu1 :L:‘-AS“

NAN. . ¢
Mowasafar Faneya-¢

O LSl gl ey 1)

1-\'[\'2%

‘u.m.o‘_n.\@i.uﬂ



%

uhuﬂd+w|¢,%o:.jmwrsﬂmgaﬂd@m@a‘,@ﬂtw 13} s )39 gealass =
AEVE Slea a8 Al el M 32nal Adedll ZuaCl s ol

AUS s g0 %10 i gl _

Us gl el o %) 0 oany ¥ Latic yaitll 4ad >

(LU_"HQJ_._‘JSI':HL.L’:SI';USJ_J‘JHJadi@uaﬁﬂﬂf}&}'lﬁé_}&ahl}irlﬁjz\ﬂlcﬁ\_ﬂxuam"l-s__ﬁ &
%V 5% s Gw paiill s

;,_,.l:ls‘aaue%\'o‘, V0 O pealid -
Lg:ai[ﬁ],’g_)g.ﬁﬂlL_'n.&ﬂiq."!.a_)l_,ﬂM|%@QQ?IQ§JC}:J;!)$?1J&JQSJ$C}JT X paill 13
dﬁﬁ‘ﬁ‘-ﬁﬂ‘%}"iﬁ)%w%mCPJ’GY%E#UWW*O&HU@%“MJH
EL_,;L]‘M'IQ@%'I- @@3@‘%&?1@%15}%?!@)3[&:4_3@‘

L el SR 3l oy Tpeal e il e cAlanl) sy B gl IS, (3 L el o
A Ll bl Lo 38 4l i g gl Tl pall 3 Lo (330 5ol 230U

Al ol 3y il 280N e %Noquumg@eym&uiﬂsnmummma@u -

;Fau@mtumm@}.uuﬁ‘_,smm.% N 0o byl ks L cads 1) -

Sl ok S e Ui gliall 3 ol e x %00 per %0 5 %N (A )
A O K i BN gk kTt e et o
ol ob IS Ge Gl 3 O e x %Y. 0 sy %9E 5 %98 0 oy A3KY
Clbaad 5l JS oo lslall i) Gl e x %t s %Y 0 5 %9¢ o ZaKY
ol Ok S e il i o sear x %1 P AT 5 AT,0 o L)
Sl o JS e Al a3l b e x %A peny %AY,0 54 o

Sole] spaidl lad Lo (330 ) gl A o 3 sal 1 ZaQl e %1Y,0 e oWt AGd 0K g {3l Ll
G5 el s a5 (o il sl 8 Ak el dSLadl e %0 O Leflew JB Y Culball (e saa 48 il
' Sl e

LT g Janl) ARk £of.f Fal

A o e Jsy ddm g

: @bl mha alas) -
M Alia ABkl adle g gall 3L b it & 5L 6 s ¢ e panll AN Jlacly 3l U
APV P ERP PO TN 3 A5l BLE N Jlasidy Ty il A gall e oyt g ASSE o gall 5 4y Y1y sl

iy ol GoLl o b iy linadlly Jinl bty o) s e 353401 LR e L
<5l Al 3l G ad  pl l.::éjll@LLB_,C_;I‘;_,IJ\UUle_ﬂL-S’IZJL...._)A_UL}..%JIUA;,\IL;
O Rio W15 SN Lty dusnll il 30 (0 3500 il 51 RN 3 gl sl
‘_,'Jc.d‘;ma]'la.;&__réu‘éds_,d.i}ad.allUJ;E*@_)JIQ‘J‘JA&YIJWI elae Y LaliuYl Z30a jall (pe disk
gﬁ!MIQMJM\M\L}cPLOQDJESJiéJﬂ:tSWquﬁQi_}ﬂuLHCAHOJIJL@E

;-\’-Lll.“ CJLSLA.A.JI_,L::_’].I.J‘ Lﬂ&dﬂ!waﬁﬁd'ﬂ_,:\jg;ﬂlfgai_)b.}j‘,

;@L‘did&.&%qﬂdiﬁ,@‘.&
_CJ'S‘éébexgﬁheeﬁﬁds_auﬂﬂ-ﬁcsﬁi@emfﬂgﬂiwwﬂi-\b%cﬁ Ry

A gee Aol 0585 o Gy Jolall il o el &2 Pl
Jgatiall -\.T}Luu.lcaL_nli L:.I‘.S_ﬁc.}lmﬂi,._))ul il il eloal
LH;LS’!&%!M@JLJIQ@{;GI;QL@A@AJ Ka
uﬂntdwleayutdgqmidjﬁgwtapmmym?ﬂduh
UL URER I R .Y
AR Lo gia £ 55 (e ilia i) A @b ol S (Emulsion) st & 5 e 28l Gk ¢ 5
wlwigbjy&uugj@um. e JB Y ASTM DTaYVJ"GﬁJ(MC\‘) (Y) 8
C};Lﬁeyuhﬂuaﬂgﬁjluhgm“mj@ﬂ1ﬁg@s s Oe R Y dae ol e

NAN. ¢

Mowasafat Faneya-+¢ Ve¥fYe /



Al faliadl dalS Gladaiyy o gloia 5 015 w5580 5% ol %0+ o el sasdll

Al gall Jugas Eh
Gy Lalall AV A Laclill 5 sty Undall 508l 3 lasll Cudaddy Cigia (g yay
Aasie a0 Ve e a3 SV e syall JE Y o e

A gl L3 -t

B s sas e O qilall i1y 505l Laelilly Allal s sl D5yl ol gl Gilims
-U.lr-"'}'_,'fl.nnli]ial_,.e."_,rl.i'a._ﬂillA|ﬂ|.hgi';gﬂc.kﬁd1&ﬂlonm&ﬂcﬁlsL:\!j"l.’l..ﬁu_».’ligllu_)ﬁ
QJ;SJLJL@_)J\T-_,H:Q;:gc_,'.ﬁ‘i_,l_)a.ujiLf@&;ﬁhei)ﬂi&ﬁnﬂ'l%dh&rﬁu.uml
t.,z_,_,i..ﬂa)a_,_alii._usn_'.m‘,s;alsum"laﬁ.b\%;llchgw‘&@;ai,dimmw
'.\'YDCpk:_.lfﬁl.ﬁ:..i:._,ls.diij_);;_:jﬂu.l:"hLé"LﬁL;LLMiML;;MﬂilﬁmJIJ‘mI
L')c--.’.zli.qulihbj.\:.;_,:@U(\O)ﬁciuaiﬁpd&&llé:laﬁjlﬁhdﬁ?olwdciwhhy
Ay LIl ) yaat 08 8 paten DA Jlanil s Ay ¢ putiall ok Can L 20
a3l 18 Ji Y ol (e pl e sl g st e Lo guiia 52 Sy ALSEY Faan by (31 iy

Sl Mlasilaie do il 7 3 Cumy s 400 (£0) Gl Lsed e

Lglial Jii Lo
"'léll_—‘;"l.i:m.t.jl_’g_,.nullQ_,S;lgiul_@‘_,cMinWialbdﬁaulmu@ﬁluﬂLJui&g
Alise S I3y Y gl SO e 25 saly Maga "Ulas LA dadand o of Ayl A pall e
Lhis ol Gkl mhae e 488 JF Dugie dan 160 o blad) 50 e (RisT Cuay Samy Jal
Bl el Cudie (il Laldl

hajgbglial i 1
Ol A il Ak Gyl gelans ) ey 5 e LEASu il A0 Adasel gy Ll 5 8 o
iz s Gl B pa JallT Y o e Dystada 0 170 — V00 e il HUE 431 e a0l n

e il e
(Aisie Aa ) W 7 sanaall Ll 5 ) jal) (ala) Lgdid 3l yadl A8 dat) ASLa
't Yo &4
"y Yoy Yo iy
..1' (:)_’_\LQJTD

&S Aoy elall Lk e 4De 5 Ukl (V4) B8 oo 4B) JB Y asall e Gl g ol gy gy o
ot Cuimy Guyhl s olayy il ol con el S oa3YL o) A ¢S5 s bl G
LGl J\yu\éhJLuuLaiﬂ;ﬂl

) _ A ) gaY) el Adee i oty

DAY challl o do glaall s ik 3y da aep Banl 55 Bkl s Cial e dasladl b i
i s V.0 e ASlawdl ) a5 pa il aay Baaadl ASLall ellae Y Al 435 il ASlauall 4S5 o any
i Al Slas 355 O ey daadl B gV 0 e T S ASlew 395 Y o o Bk e ST ke e gy
wandl el aaall

A Al eVl "Ll ey 38 Lo gl (55 gl e ind A gl gl b3 Y i el Agdee et
Mapae GAad 4y elalae Uaul g3 e i el el Lpa )

ot e Go bl ey M Ll gl 05 g Ram el Bl edla i dee 6 24 Tiall oy

Al il Caua o il Leilas g a5l Calady @l ) "Ll aal y s pucie

win) el Aol 8l il (1) A 1l el (T) 8 e ulell i AT Ao (S5 o ciny
Axdpa (e o glal)

S s 8 eaall @3 LS B 500 3l s o e 6B Y1 S8 g seg W) U a1 i sy ¥
s L plly sV Y1 (e Lpamny 0o a Bl 2 gLl cillalalll of S ny ke e Culayl

3 Lae aa (V) 30 AV bl 3500 Ao gl Migﬁai%;qﬁ&,&w&m;!mumsi
_‘,L,(\.)L-,.,):sJL-F;_mtju)sn‘_,sam_,auoﬁgym;qsgﬂmm__;;yi‘__,;.uuﬂigjoyuigph

NAN. . ¢
Mowasafat Faneya—¢ AR FAR




EO o a8 el a il Al 3 el sl itk y " shiee ga il b ol 32 bl Ghll e 4 o
S :QCMI@@CﬁJﬂIJ&%@‘dU])’U Utsaiiq_,lm,iam;g._,mmmmaj.gl.(r)
daay aay b2 EUSJESYi%_%JJS&JJS&R{JCJLAMI%Q.LUSEU‘@S%&J& dga S b
_"&:ﬁ"&d@aiﬂlﬁewl&ﬁhw% 10 e

Al o g pally o pucil
el i g sadlod 5 Y of e al BJ‘ﬁ%ﬁd‘hJJlﬁ%ﬁuhuﬁ!é@H‘ubM%i@z

il Sl A% b oogog 5ul
llad B3 claldl Jg oI Sbar ol a1 (Ll A Bl all a Taiks el Jladl Ciluaa G

Ay Dad L ¢ Al B8 Yogo g saLll Ls_iL.:_,_,z“uL_,;m;oj,nmﬂma_-\Ld U‘Lu!u_{;wi%g
&e ol il i i QU B3l Clalinall J5 (38 1y VGl Al (e Bk o1 Sl Rl Gy y ety
Sl o340

el sl 30 0505 i 3 Alesa v, 22 L kL
e W ga e ¢ 5 28 el Gkl

%@3}@|3ﬁ@15i@$§@%&@0!&: t"l‘),!.&(\\')C}‘-“,]‘Y]Qlémi)gh.q)iiéuum_\jg}'ihr:ﬁ
BV e e (38505 285 jea s e

430 43, b oLt sl

el Gkl rdana 4y 3

;ugus@Jmtc_L.ou;s}Lm e gl _,A:JIELA:”;LLJHQ

_d.muaﬂcﬁusbjaiaﬁul_}mm,_-y.@;ﬂysanum._,u;lygj -

(V) i bl L gia culind Balay Cail gall o3a UAYy (gasec JL e gull aall T P

SN AEL Yooy s sl oo Ol dlall = il il pall Allany 5 508e 5 jlany L & «((MiCY)

sl el (i guia s

W odog siall a5 ey -
5yl D ¢ 4Ly e S,

QoA Sl a4 Y1 dSSia) 5 jlaa) O Gk Gl Al il Tk 1y 5,50 g

Ay ol 480G 31 Qe

%%u'_yuaﬂdﬂ)_}mhiJ(umiiﬁ:LJ

L e I lia ga il
g;_;;:,giwl;mp_,su_l;uﬁ.]!wasg..ni:u'al_,,.si@@m?i@}dlgagjﬁslaaiygfwlég
Ji Oe Basall il Aii@!,AJau;;d'ngJﬁds,:gatﬂt G e 41,.1|_;_55...{.ngng;§

_.11,.,51Jgss,.dg(y@lulQu;ﬂasv‘;aﬂmmlsjsmmrwwluiwuﬂtw1

el juaa Juag

"L.Jgggm(r-)d_ﬁelhg;ﬁyl &0 aule ‘@%ylgagjmmt alﬂiwglwmwl Al da i
Y_,__I;u';.liJ.LA‘_I\u_lr.ZEE1_,.¢].|EJIJ-}]L;_.|1L3L’,_’LI';m}dijaiﬂ;dimelﬁglul:sLﬁ_}.\-.aaQ.iEtﬁ')'!l_:b._pCp
_@;;Juylmlydgatﬂtahw‘,;lawsfmjﬂ

"8y culbal aial da Asall uali Ge iy pea e S I T PR P N o Sy L.
deaill |5¢gsam1JnJﬂ1,c1L.,lJﬂu

waadl e 8 iy

Al SN 3 e e 25 Bkl ) e ol e

ol Sl 4y gk i1 L e 9 O 5 Gl pasdl @L&LﬂhﬁﬂiwhﬁOﬁw -
Jaaiadl

L Ve Ul o g Ll s gsSitaie ¢

g%ﬂhgﬁjiiﬁuw&loﬁm -V

NAN. . ¢
Mowasafat Faneya—¢

O Aol 5 0500 e,



el 33,0 0 Bl el e a0 25 iz pilall LUl el gl dlj ;LL.;_I@;LA.\;_,S_,I.\;U.:._,._M

elally 45 ) 0. 38 uj%cﬁ}hh’.\sn_,i_,l__zémc_ﬁgdi:_x_)al"lﬂawbﬂilﬁhc.hads&gj
,la.a:um;_;us@.zudgsans_;,_ls,;ujg
CJL_!]‘Y‘ DI e dic L‘@J:LM_J@@S]LEY|GIGZLM £A S.J.nlu.n;._diu.lc:ﬁmuﬂ dabll tﬂ_};-\d.:_'u."u_lc,

O 4 ey Aol sAdggﬁ;JJﬂu@m@udumm&ul‘_gwl Miaisjlm@gub
_n)ic.ii.u:...llL_.z.‘a..ﬁls.ldl;LGJ.':Idﬁd&.&ﬂ’l@h@l&qr)ﬂ.ﬂdﬁhﬂl;Lhr.jil:._ﬂm‘_,joiqu_,..ajﬂgi

edlia llamil 5 5m s alilly ezl Oa AL 5L Aaad Lalidl Glhlia Y 4688 ey poldl o

Ll
"Ey oy daol (i) e 2 o) g,,asl_yd;wc@gﬂitmiw@mﬂylzﬂsmgaus
BV Gediga cilaglal

3 G Q5 Bay <yl Tk Lol e oy Y 203 Gkl ot e o ;Jis;u@g:d;gj
L'J_gdua_’-_.lnu.lcMIwl-_-l.l.l.'l&'llem&lé&jcﬁjl@b%mm&gﬁﬁlﬁl
_SJIJYIOA%JHELF[

Ml 5%1}3}%&@: fa:l..ﬁi SL_LQ:._JHQ.IGZL.QYMLQ.GJ(}M‘ Q'JA‘M‘.} ﬁ.).l]‘d.lgf_jﬂq."u_‘c
M M all Wl el Al e T3 Y e lede 0,0 32y Bl Lo iy gal i
Leale 1o 480 40 Lo duaa Jiﬂluﬁdﬂ)ﬂxa_)ﬂloh}.ﬁtm@a:miﬂiuhejmld_,m

‘déa._:YJ t&_’_)a.:.;"u_“.J‘JA.“Iﬂmdﬂ_)ﬁdsulc.:g_)ﬁ_njlQh)aﬂl}d‘ﬁﬁlﬁ?_)mikr‘ciﬁiﬂhﬁjﬂ1m
.MYIB@EGJ:QJ&JLPMIGA!JA£MHY§MI
.ﬂ,..]ig..quecssgu.m&astm%@;M1L;gﬂmlsyyjh&dnbﬁ*mﬂixﬁﬁy
_M\Q@Ei&ﬁ&ﬁ'm@|?ﬂd|LADJ{U_}_}HEJJJ.J!

5l e Zaad dgL o .
Lapf ila y2 f 1li, iilllhgﬂuls‘thﬂloytgam_ﬂl‘,lc’m' }Jlii;hllc.@_,g..ijw.m | dagmll
oY ciladadl ey o) dil Al 8 3kl a5 clia) pall M 5 g8 Bann Aglad T3

A Jpall ME ) e S el L‘.ﬁ",g}qg_,ssdalﬂidhul;

£ sill Clical gali il Bl ga

emulsion - SS .\ SS-\h ASTM D svy °(Yo-00)
emulsion CSS-\:(CSS-\h ASTMD Yyav °(Yewce)
Jilu cé; RC -y« (RC- ) ASTMD Yray °(ev-ve)
Al 31l o

"y o 44 0y0 Oa Jel Lkl )l a i ENF GsSy Ladie Lo ¢ 3l sle AL 45,k U aildl e
AW adiga cilaglet]

W KEPY |

RS R POTEO | S Jild (S 2l Gl L Jlantiad pll e

Al ol e lyy daliwal Juis oole Ay gl LSy 5,1 jay Lol Gkl i e "1}&&_}1\&&_;;;_,5;&1%
e w0 ul$ Jles) tachometer = 0 058 OV G Slea Lo sl . 0y 2 aa (pma Jaray
osbes G 1 GRSyl aas O Sl 8l all g laiall Gl lea {EBT

O i (A Sl N il sl ta e e Mgy @l I3 o) of b BVENIS

M sae 5 Ml A8 jall A ¢

NAN. . ¢

Mowasafat Fanepa-« Vo¥/YA %



el e ey ALY () day yh
JI;J@E&.L&MIJ;@JJ}JAIEAL_&JHJ.IS@M(;:LJU{;‘cajluLMimulLﬁJdg:y“Ly J
_3_);]';Ji_,ali_,tbajﬂ_,_)kﬁjlﬁl_j}'bﬁwi&g%_phLL_;i-.‘n.qr-IJAé.iL‘:

SJu‘leu_’S:luium_qdllJ_)‘a.d'rumj1cJamu_l: L,,l_).\.‘i.a." Usdj‘.n]‘dﬁo-u‘-—l&ﬂl(ﬁg - _,S”_,_)Lu.““'_)ld:u Lt
Ao Ulayy "ila diadl Tl iy Ji

Jeacl J gua g (30 218 34 B 4 Gy eelly Gl aigdl el Latie plally alatiandlf 51 B el e o
Ade el 53 e ol kil

chimall sntl QW Bl £ 4l s Tipes it G 4G e lad el o 5l e ALY 3ol (3
Al o W Tk Tl sy Loy Tyl iy

_s_,l.ﬁiL],»EQALJJ&.BM‘_A%LEIJJQJJJMLSMIJI,JIt..asjolt.,.:;_\__;,_.a

,S:ajla.'mJyﬂuﬂ|m1ul:J&deﬂ@EMl‘Sngﬁ_jﬂuhm.@lcﬁjaq )

"diu'ylL-J;;J,JLTJ[:\;MC_@U:;ﬂl_,JﬁrL-}.@Lu,c@tuhMl@i&h@lﬁmlg 3
- \ds

W5l e dEaY d5) At .\!_,.a]'uL',ce_jildlfL_ﬁJ_',.m
L,L_,sJLumm@giuummymh&.a@mq%w,umwuaﬁmﬁhuz‘,ﬁ,\]iuj;_
Leale 3 layr 26 g Lo Usasll Jsf Laxidd) A gall ells g gl Jantiaad | gay Yyl
.‘,U:mg:,L,LL.:,,gjswu._,)mu.;mawiwq_neﬂ:;i_,Au_,yg“sLﬂte_',ﬂ.Jiui—.-

YJMléﬂhJﬂlMiﬂyﬂC}quﬂé&@_ﬁl i%&hhﬂﬁau)&cim&fﬁﬁ)u|u_[n-

:Lu'a_)l:-OJSEW|L__)§$.J!MZ"1§L§OlJ_Mid_};EgiﬂYJJ_,J1GAM|hjslia_ﬂléﬂ.?ﬂ‘f}lﬁoi-
_csﬁuanddiM1@g@_£L&Juﬁ41Mid§@%M

_‘al_jﬂllLL».II.I:_,_}JH"IE&_,M!Q:.SJJL“}\SJJ.;JI Ohanis Bl s i Lo

NAN. . ¢

Mowasafar Faneya-« IER AR %’



(el A) Liadl

sl Jes]

NAN. . ¢
Mowasqfa! Faneya-o

\-r/r.%



Gsblll Judf clial ga Voo al
Jedt Chay Vo). pala
sna.d';;.uiit.;aLdi_,LLJ.II_,ILc.Ul'u_,i.B._J&JI‘SJJ..S.Jis_).}_-..l‘u_,L’.Lm-‘:'Igykﬁ‘gnglhiﬂ’lohgﬁ
A Cial pall MGy ¢ sl (e 5 I 3 gmy L e ()

gl Cilial ga Y-Voo Bala

i puall g andl @ldall 5 5l 5 el |

@E}n&i}uﬁ&ﬂﬁi_}&ii)l@aﬁipd\ﬂ‘ahoﬁ -

Al Al el o pall po A0S 5 Uiy Dlim (005 o iny -

(Dostadl Gesl) sl 2 )k %7 e e S pa 35y o -

,TL;LJ_;&JIn:nLL.)ls_HQ..&_,JJSHHC__MAIaﬁdiw"hjl_,‘.ultq_;._)jo_,&_:d -

Vet gl sl Gy el ol g0 0 s lelg %83 %N 05 pua el o peall pley il L -
(AASHTO T V+¢)

L sle ye aey cilical gl 03 e V- = Y 8, Y dally (36 ol (8 ol 30 salall 2yl
el JUBY) cliadia W Lpuad ol bl

Al A G LA gt Tt 1 TG L 5 janll s o e (o OsS: O g
Leet il sl e il 3 3y gunall

"l "Ly nd g il el Jull i
_t.:-@%"ts%'le_ﬂ_};ﬁé.w]j?_ﬁdja.aﬂclqkﬁ\l}uicavo(j_@q_‘.a_)“z_bbun -
BMBﬁyE&JCfmjcn(ma‘ﬂl PRYY @LJ;JSJY'&AHU) -7 fé_)é!_).n.“ (JJJ:J\?L:JIIC‘).'&“ -

i:li.m.u'gi ,E
Rkl 0o lgand Lala e (8 0383, LIRS (1) et 03) AL oyl e p L 30y

Aellantial J8 el s 0 Jasll pi g 3 3858 2T Y of e g el olua
ﬁiﬁ&l‘#ﬂgu‘ﬁnywh@:whmy‘whaﬁdsc.nd_,.maﬂeﬂan‘;lchdag -
el L0 oy

ol el gism o odtasl el (el slia Rk s Jpemy s i i) GAS] s ] K -
Al clial gl 5ilas e Crianly dllagioal ) Goles L) LA clSl

peldl

aslsally Con S GO Gy 5l o pally s Jia sy ST G M Mt oL ¢S o g
_ Dledll s

oo 2l e ol i B Y of e 3k Jyee Jf (grade 3) chadl zmiall 3 il e bl aaa )58
@J‘,ﬂughda.aulosﬂ,@ﬂlﬁwmt_g@su-- ﬁp@hJﬂ]hLﬁgyo‘Jeﬂ‘)mﬂlqjéleAon
Sl sadll o A saldl (SWYI 3 o 60 i Loy il Acier Doux Thomas Ol sl 3Y il (e

Rl ST 8 e 55 oAl ol Bl iy sl el (e ikt sl 55 o oy

Gslld g1 Yoo

O nfa e JS Dy 3 L Gl g0 \gda £ 3 IS Gl BILAN A Lale s L "Gy opplaldl g1l sa

O bl
CJJMYI&:LAS Lj.n_).“:i__ms E_}I-ISA.“SJ\P—H&.‘LAS E._,._._L“
MS Y. ol £ ol A MY e ile
&'STD. Jl_l]i" _):L_jjAr\- CJSTQ.-)LF'(:S"‘L:'
S Y. il £ sl A ST e aile
Yo ATt ATA Yo e ol
NAN. £

Mowasafat Fanepa-o VoY /M %




@le Osbly % T By atia Y. VY ol e s jlaa 5 Y1 Lo 0p4. O il o bl G iy
(T'l.{t:.:.mjc_lsl’--JQ_ISTO-)J;AIJ_:JQJJJ.;_JI&J__M"LE;_,

1408 e g (riiany) gey ol pracal  V.Yoo 3ala
Classl o Uall 5l Jaall piga i 5 53l Agall e Clie 355 (a1 S5 sle) LS 3ag Jaally cadl 3

l&.ﬁuL,[S:’-_.u.ni.lg.h\_:'c.oi_ﬁ_:mj\.JI_,.;HS.ﬂr:.i_‘ﬁa.ic__f_}qz..ui_p.!&aidieiﬁj.ﬂﬂl_):Gi.au.]j(_].a‘_)ﬂ_,i_)us.nll

laally

el e s o sblll g1l a3l saadl 3y ellyy 4l o 2y uailadll y Ll bl blad
Ml ol Alke i tasasy (A ol sl

Leale il Ly Poa¥ Ll 8 aie A o cllie 3 o w&yﬂ@:ﬂdadlpﬁplﬁlwhhdidm!iﬁlf@
e i (Ve e ) Bl S e g Janay

it dle YoYoo uL
Sl 3 laall oLl t.i;ﬁ.n.u’l) A gl oty Al NPT O (NPT A FY U:u.nbg Crsblll faS o e TBEN]
_&L‘).J‘HMJQJ:JJE'%JM‘L&M;&Q:J\(J‘JHJ

I

Ahmmc_ﬂlw e]_):_\].l'm.uc.tﬂ
Ml ek oLl 25 2 0058 Oy ¢ el 43S Gl s 5 3gmn ALNAL osigh

IR el s Ml g el Guny Guat s 2885 o0 ol 3 JE Y o)
s il Al Slad] 2y K91 e Zid (V) Gade P Gl 4 3 ¢y, L00 Ghe g O
Llea e el Hisa EJE;A.E.':{_)ELJ‘ ey Allestind el y Baall sla C)“.}:SI*#W"""GL)“

AL bl Jlaniol (0 LS iy puae

da)s Gsbldl cuatoo al

CPuLiCJ—"'}u-‘EUM'J@J@LJ‘%&-AJCMM‘%M‘M&@Q}UJ'-.—'md:'s
pileally Lokl A A3 e il LS ccuall Jael 8 ey el

dtalie dluldd o pmall (o oSl 4080 25,0 e 8 A5k 5o dm 05 (31 5l 5 e sy
Aol sl i Les o 'paina Baa il 32 OSay g

Oe Sl i Y Ttﬂh@wtjiﬁ@"YJ!eéﬁ@aiJﬂjl O Osblll s xie
@M‘M‘é‘ﬁ@qﬁl&bw&ﬁmﬁ%vm CF i ¥ o) ity 4 D5
A Gy A1 Ll oy ol s e gl il i

O bl apa Jian S 3 Gde el QS s hiaall @bl Jel (3 483180 clals ) Joid
A s Sl S Jlastial die oy 20y skl o P

L 8 0 pblll e 3 ey rla ) ladid 3,00 Gy

: Qe Jla Gady Lpdal) QG dals o Jertiang

Maal sl Jla (8 ol Bbee (15 ala )l e A 2l 58 5 Caay

Ao e "2y )" )L e e O3 2 aaly g 8 A gl Baa prla ) Adee s of B
- SR ey ¢yl gluail yon Clit) 1 1330 500 i, |y

&= 3 L_ﬂ_;') osa ol 238 alyig (g_a_,;L“ Janll FEPRIRL'S 5;_)_,_):.2:.“ Jlaiyl é*_}a@i:-.]m.q.. 6329 (pa
Y adadll e A 58 sl 3 ALl g all sla)

S/ Clas) G VoL Janay Dttandd 1 Yyadows o s lea n (pbl By Jls) ol o 3
Bl 6l Ak LSl ¢paali) Jjll e el

Ga= i AT Lol B (i a3l e Baa Lgaa e e skl Bk il ol o Ja i U
sl Bk aa i Wby Ll dtianey) "Las " g 5 iy Lgadais 0y 5 M ey haTy 0 yiaie
ledle aaall

Argna Baal elally "Mie gedasall iy Eyay oL e Lol ellls caall dlee ) ey 5l | b i
A elll 28 il bl o o 5 A Bl Jlanidy | ol

" f'“ :E p—

b

pileall g calisllf V..o 3als

i il
md!ﬁ{JnPJeuﬁbﬂuaJﬂl(ﬁalﬂwlnd}-&ll&ﬁﬁ%@‘ﬁﬂﬁj_}ﬂ_}ieﬂaﬂ‘#
,:La.ri”m_,

crl Qb e S L) 0 5 ) g i G 0 030 (T g i e s
Tl Jaali
NAN. ¢
Mowasafat Faneya-o

i



Cbﬂ)&%@'u—"#‘%dejﬂal*u-‘l‘-‘—HHJGJ(")BJ&OGM&JJJ%¢WJU‘=@3 .
el ds Laaliey 1l el

u_.y@ﬁumlmggba@:__,yaﬁgmmb"@gymw%gm S Ol qaay i
(_J_,.i;ult_.l.n.aﬁl-ﬁ[t:u.myl

r‘i@ﬂlhﬁ)&jg&ls}:ﬁ_,[éu_,mg}.' u'-@mgﬁmm@u@gﬂlqwq&mﬁ .
.Minujugsy‘yleﬁuj Cy b Ledtas

"Lv_e(“’)ﬁmwmﬂm&Yaiuhoﬁuﬂ@lsf%whdwlwwwméﬁﬂ -
_smmlalglmo:‘}(;)_,ug.u‘,mlgjc-LJAlla_,-Ll._IH

PN S~
18 e 058y Ul e 33l Pl o a1 e 536 5 i Lasee piley Aaul gy Ll il Sty
IS s e Qg smaall Jaall JPQEJMMJEMCJJJSJ&S;’L&IS@P G s

OB Gaa el a3 il atas) & Al ey gy el Ly 5
rOshlll Jaatl) 5 508 Zgat iy ds g ditao ayy

S o dulee (Crushing Tests) «i,al L o s e Cola 1 Uia (b Qi | o
%A+ 3 Sl (A aissy &dly) 1)y Al Jsaall o Ll o) LU &5l Al Ll L) Aol
G il el il Slosen Gk o of Lo ) 3l J ol ot thadi 5 0l oy

Rl Q35 e oS Al 50 N il o ol o

@L«.dud,nsnli.t_j:o-a i)

omall el e sl Gudagy gl cilolal, prabiaill M5 Mad 330 Lungly DL il s A
Osbldl y Al u:.LULJIJLL.JI\JUQ_,MJQM}H@an!yllﬁjsuau.g_,a,ﬂ1 daﬁuchg.lndS]gabi'_ﬂ
el yaa alse g o0y Ll a5 T3 @ ns i G 2l il o 281y T, ALty A 2 ey LS el
el Gy Al aaill ey bl b iy S, peally QG oLy, cacls, by )y duay
B 138 5051 iyl ML ) 35 050 L guan ol 03 el

o 0848 L AN G i) il LS il e EW 0o e el yn iy
I G 2 G el ik, o Je g

CONCRETE WORKS (Additional Specifications)

These additional specifications are complementary for the arabic specifications related to concrete works
shown in this volume and shall be read in conjunction with them,

MATERIALS
\ FINE AGGREGATES

.Y Fine concrete aggregates shall conform to AASHTO MY and shall consist of natural

pyrites, coal, mica, shale or similar laminated materiajs such as flat and elongated
particles or any materials which my attack the reinforcement in such a form or in

sufficient quantity as to adversely affect the strength, durability and texture of the
concrete.

.Y The Contractor shall, when directed by the Engineer, wash the fine aggregates to
remove deleterious substances or for consistency of concrete colour. Such washing
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shall be carried out using fresh water. The water shall be replaced regularly as deemed
necessary to maintain its chloride and/or sulfate content low.

Table \.¥.1; REQUIREMENTS FOR GRADATION OF FINE AGGREGATE

Sieve designation Percentage by weight
(square openings) Passing sieve
Y/An Yoo
No. ¢ L - TN
No. A LA
No. 11 ' ' R .. Ao
No. . Yo_".
No. e» LI
No. V.« Yo\,
No. Y+« oA '

The fineness modulus of fine aggregate shall not be less than Y.¢ nor more than Y,

V. €,

The sand equivalent of any used sand (crushed or natural SAND) shall not be Jess than
Vo%s.

gradation.

Sodium or magnesium sulfate soundness AASHTO TV & max 1%, 1% |oss
respectively.

Y. COARSE AGGREGATES

Y

Y.Y

AR Y
Y. ¢

T_O
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Coarse concrete aggregates shall conform to AASHT O MA+ and shall consist of
gravel, crushed gravel, or crushed stone free from coating of clay or other deleterious

Sodium or magnesium sulfate soundness AASHT O T+ £: © cycles: max 1%, 1% loss
respectively.

Abrasion, in accordance with AASHTO T4t Max Y+% Joss.

Content of clay lumps and friable particles AASHTO TV ) Y-A V: max 1% by weight.

1.1*/”%,

Soft fragments and shale AASHTO MA+: max o9, by weight.



Y
Y.y
YA

Y.q

Flakiness index, BSAY: Y. 94 max. Elongation index, BS AVY: Y19 max.
Coal and Lignite, AASHTO T\ VoAY: « 0% max.
The grading of coarse aggregate shall comply with AASHTO M: Y.

The coarse concrete aggregate, when tested according to AASHTO TY Y, shall meet the

following gradation requirements and shall be graded within the limits stated in Table

V.

Table ¥.4.1: LIMITS OF GRADATION FOR COARSE AGGREGATES

[ AASHTO Percent Passing by Weight for
Sieve mm Grading | Grading Grading | Grading Grading Grading
Size I I I IV 1y 1 3y
B i Yoo | -%y.. i 1T - - - -
Y/ Y - Y. ; B N Wy
Yo o, 3. 40 0.1, Yoo " - -
Bk YVo. - : 3614, Y s N -
n Yo . Y0 Yo.v. - qo.Y .. Ve -
Y/en Ya .. . _ Yo.v. - q6.7.. Voo
VX \Y.o Yov. Yer. - Yo 1. - PR
Y/AT 3.0 - - YeT. - Y. oo £y,
No. ¢ £ Yo -} -} e T - o ¥
No. A Y7 - - - .0 ) .0
NO. Yoo a_nVQ o oo [P o2 O |
Y.

The type of grading for coarse concrete aggregates shall depend on the maximum
size of aggregate, which shall not be larger than one-fifth (1/°) of the narrowest
dimension between sides of forms, nor larger than two-thirds (Y/Y) of the minimum
clear spacing between reinforcing bars, which ever is least.

Before batching, all types of coarse aggregate shall be separated into fractions
having uniform grading as determined by the Engineer.

However, the number of fractions and their gradings shall be fixed on the basis of
the maximum size of the aggregates in the cement concrete as proposed below:

- For fractions up to 1-1/¢". between Y/A" and Y/¢"
(T.\C’mm) (.e—14.. mm)

- for fractions up 1-1/Y" to ¥» between Y/¢" and 1.1/¢n
(Tv_e-\fo mm) (\Q_a - o rnm)

¥, COMBINED AGGREGATES

v

Ty
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Combined aggregate is composed of a mixture of coarse aggregates and fine

aggregates. They shall be used only in proportions with the prior approval of the
Engineer.

In no case shall materjals passing the No., Y. (*.+Y° mm) sieve exceed T by

weight of the combined aggregate.
Vorsre //




.y The combined concrete aggregate gradation used in the work shall e as specified,
except that when approved or directed by the Engineer. Grading Y of Table YY)

vt Changes from one gradation to another shall not be made during the progress of
work, unless approved by the En gineer.

V.o for the proportion of each fraction of coarse aggregate and for the proportion of fine
and coarse aggregate, the combined gradings in Table ¥.¥.9 shall be utilized as a
guideline for the mix proportion design as to guarantee the maximum densities of the
concrete. Before batching however, the Engineer or his representative shall check
only the compliance of the grading of the fine and coarse aggregate with the
requirements of the Specifications, since the grading of each fraction ultimately
remains the sole responsibility of the Contractor.
Table V.¥.\: LIMITS OF GRADATION FOR COMBINED AGGREGATES
AASHTO | Percent Passing by Weight for
Sieve mm | Grading | Grading Grading | Grading Grading | Grading Gradii.g
Size ) i ¥ £ o 1 Y
o vo Yea - - - - - -
L Y A/¢n iy AA-%0 Yoo - - S - .
'l o. YA-9. AA_d2 Yau Yo - - -
RGE Yv.e. AN -YE_AT A8y 1Y-9A Yoo - -
yn \C oY, ol Yo VoA Y. AA AY.q1 Ve -
v/en Ve .. AT AT oY.VY TV YY_AT AT | T
L y/Y 1Yo YY.oY Yi-0A £Y.1. AR oy.v¢ VA YY_AY
/A i,0 YY-£A Yoy AL -5 £ EATA oY.vY TY.V4
No. ¢ £.vo VA-TA YY_£Y YY. ey YA-£4 Yi oo YA.0 AT
No. A Y. .Yy ST VYT 1. Yi €. Yo.¢ Y€1
No. 11 YA €19 oY) Y Y_-Yo YA ERT Yry
No. T+ e Y)o £y £.14 o_Y) V.YY A-YtE VooYA
No. . Y Yo Yoy YoVe Y.\e Y °.14 o_Y)
No. V.- “o. (Y VA VoA V-4 ¥-1s YN Yoy |
No. Y.. «.«Yo Y oy v oY oY i

£, ADMIXTURES

€)' The use of any material added to the concrete mix shail be approved by the Engineer,

The Contractor shall submit certificates indicating that the material to be furnished
meets all of the requirements indicated below.

£Y  In addition

be made of samples
taken by the Engineer from the supply of the material being furnished or proposed for

use on the work to determine whether the admixture is uniform in quality with that

£.Y  Pozzolanic admixtures shall be fly ash or
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Air-entraining admixtures shall meet the requirements of ASTM C Y. and shall be
added to the mixer in the amount necessary to produce the specified air content. The
air-entrainment agent and the water reducer admixture shall be compatible.

Water-reducing, set controlling admixtures shall meet the requirements of ASTM C
€%, Type A, water reducing or Type D, water-reducing and retarding. Water-
reducing admixtures shall be added at the mixer separately from air-entraining
admixtures in accordance with the manufacturer's printed instructions.

e, PLASTICISER

CIR

oY

Concrete for use in ceitain construction shall contain an approved superplasticising
agent, when so directed by the Engineer. The superplasticiser shall be stored and used
strictly in accordance with the manufacturer’s instructions and must be fully
compatible with all proposed concrete mix constituents. The optimum dosage of the
additive shall be determined by site and laberatory trails to the Engineer’s approval.
The Contractor shall submit to the Engineer full details of his proposed mix design
which must ensure that the minimum strength requirements as specified for the
paiticular use of the concrete are achieved. Only when the Engineer has approved the
proposed mix design may such a mix be used in full compliance with th
Specifications.

The Contractor’s mixing and transporting plant shall be so designed that accurate
metering of the superplasticising agent is possible and so that the additive may be
introduced immediately before placing.

1. CONCRETE STRENGTH REQUIREMENTS

1

Design Mixes

Mixes for the classes of concrete shown in Table 7.0, shall be designed by the
Contractor according to ACI recommendations, regulations and methods and to be
submitted for approval when specified for use in any part of the Works. The quantity
of water used shall not exceed that required to produce a concrete with sufficient
workability to be placed and vibrated in the particular locations required. Unless
otherwise approved by the Engineer, the mix designs shall be on the basis of
continuously graded aggregates and all mix designs shall be submitted to the Engineer
for approval.

Table V.).}: CONCRETE CLASS AND MINIMUM REQUIRED STRENGTH

Class of Concrete Cylinder Works Equivalent  Maximum Size of Minimum
Strength@ YA Works Cube Aggregatemm  Cement Content
days Kg/cm' Strength@ YA _ Kg/m"
days Kg/cm'
VVa/Yo (KR Ve Yo YY.
VYo Vi YA Yo Yo.
WY/t VY. Yy, 1. Yvo
Ti.fo. AR A o. T
YV+/Yo Yy ¥l Yo Yo
AREVARS Y. Y. Y TYo
You/Y. Yo ™1 Y. Yo.
Yo./v. Yo. ™. T Yo.
YAY. Y1 YAo ¥ rveo
YL/ 1. o, Y. tYo
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1.Y  Design Compressive Strength

The required compressive design strength of the group of six test cylinders at YA days
shall be at least (f + 1,10 s) N/mmY, where s=standard deviation calculated of the
group and F = specified compressive strength. For the design mix however a mininjum
value of £ N/mmY for s is to be adopted. The test results should further be of such

consistency that the actuals of the group is less than Y. N/mmY or according to table
1YY

Table v.1.v: DESIGN STRENGTH AND PRELIMINARY TEST

Class of Cylinder Equivalent
Concrete Strength Cube Strength
. (kg/em) ~ (kgfem")
Yy./¥e Y. AR
ERVAL) R Y.
W/t e Yoo
\ARVZE Y4, T
YVi/vo _ Y4. .
YV/Y 4. Y.
Yo./Y. TYe f£a
Yo./f. Yo £
(R EYAN Y40 £9.
ATV €. oo,

1,y Samples Curing

LY.V The cylinders (or cubes) shall be cured in the same manner and environment as the
members they represent. The cylinder (or cube) strength shall be accepted as
complying with the specified requirement for work cylinder (or cube) strength as
shown in Table 1.1}

1LY.Y  Control tests

- Air content tests should be made often enough at the point of delivery to
ensure proper air content, particularly if temperature and aggregate grading
change.

- The number of strength tests made wil depend on the job specifications and
the occurrence of variations

Strength tests on each class of concrete placed each day shall be taken not less
than once a day, nor less than once for each ) » « mY of concrete, nor less than
once for each ©++. sq.ft of surface area for slabs or walls (ACI ¥VA), The
average strength of three cylinders is required for each test. Additional
specimens may be required where high strength concrete is involved or where
structural requirements are critical. The specimens shall be laboratory cured.
Specification may require that additional specimens be made and field cured,
as nearly as practical, in the same manner as the concrete in the structure.
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- Additional groups of test cylinders may be required at the start of the concrete
works and when the aggregate sourse of characteristics, or the mix design is
changed.

- The six test cylinders mentioned above shall be used for the YA-days test, and
additional test cylinders may be prepared for the Y-days test. When a
satisfactory relationship between the Y-days and the YA-days strength has been
established and approved, the Y-days results may be used as an indication of
the YA-days strength.

- The compressive strength of the field-made test specimen, tested at the end of
YA days, can be considered satisfactory if the averages of all sets of three
consecutive strength tests equal or exceed the specified YA days stength.
(Refer to the plans)

- The Y-days strength results shall not be less than Y+% of the required YA days
strength, but these test results will not replace the results of the YA days test.

- If these strength criteria are not met, and if the structural adequacy remains in
doubt, the Engineer may order tests on cores drilled from the area in questior
in accordance with ASTM C £Y, or he may order load tests or take other actio
appropriate to the circumstances.

- If cores are drilled and tested for compressive strength, the concrete will be
considered structurally adequate, if the average of Y cores is at least A% and
no single core has a strength of less than Y°% of the strength specified under
(b) hereof.
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SLURRY SEAL

(Latex Modified-Micro-Surfacing)

V+-\' DESCRIPTION

This item shall consist of a micro
modified asphalt emulsion, mineral
and spread on the paved surface in

as shown on the plans.

V+-Y  MATERIALS
A, Asphaltic Materials

DESCRIPTION

-surfacing system which shall be a mixture of cationic
aggregate, mineral filler, water and other additives mixed
accordance with these specifications and to the dimensions

The asphalt emulsion used shall be a cationic slow sefting type, designated as CSS-\P,

The emulsion shall be modified with an épproved polymer. The distillation residue of the

modified emulsion shall contain a minimum
determined by an analytical method a
method approved by the Department

of Y.+ percent rubber solids by weight, as
pproved by the weight, as determined by an analytical
. The emulsion supplier shall furnish the Department

samples of the base asphalt and polymer used in the finished emulsion.

The modified emulsified asphalt shall be so formulated
with the relative humidity at not more than ©+
it will cure sufficiently that rolling traffic ca

surface.

that when the paving mixture is applied
% and ambient air temperature of at least Y° o F.,
n be allowed in one hour with no damage to the

In addition, the emulsion shall comply with the following requirements:

Viscosity, Saybolt Furol at YV F. Sec.
Storage Stability test, one day, percent
Particle charge test

Sieve test, percent

*Distillation:

Oil distillate, by volume of emulsion, percent

Residue, percent

Tests on Residue from Distillation:
Penetration, YY F, V+ .+ g, © seconds
Ductility, YV F., © cm/min, cm
Solubility in trichlorethylene, percent

IVIIN. MAX.
Y Ve

- \
Positive

- '

. \/Y

oo 9.

v . -

¥ -

*The standard distillation procedure shall be modified as follows:
The temperature on the lower thermometer shall be brought slowly to Yo +°, plus or minus V+ o
F., and maintained at this point for Y+ minutes. Complete the total distillation in 1 - minutes,
plus or minus © minutes, from the first application of heat. '

B. Mineral Aggregate
M)

micro-surfacing. The aggregat

NAN. . £
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Description: The mineral aggregate used shall be of the type and grade specified for
e shall be manufactured crushed stone such as granite,
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slag, limestone, chat or other high quality aggregate or combination thereof. A sand
equivalent of 1° or higher is required. The aggregate shall have a weighted loss of not
more than Y°% when subjected to the four-cycle soundness test using magnesium
sulfate in accordance with ASTM CAA,

The aggregate shall have a resistance to abrasion resulting in a maximum loss of Y%
when tested to ASTM C\T),

(M) Grades: When tested by Test Method Tex-Y+ +-F, Part I, the gradation requirements
shall be as follows:

GRADE Y Percentage Aggregate
(Coarse Graded Surface Course) By Weight

Passing V/Y" sieve Yoo

Passing Y/A" sieve L L VR TN

Passing No. £ sieve AS-qd

- Passing No. A sieve . o . e R - V-0

Passing No. 11 sieve Yo £

Passing No. V' sieve yo.Ye

Passing No. ¢+ sieve VYo

Passing No. Y+« sieve oy

M Mineral Filler: Mineral filler shall be non-air-entrained Portland cement which is free
of lumps or foreign matter.
C. Water
The water shall be potable and shall be free of harmful solubie salts.

D. Other Additives _
Additives supplied by the emulsion manufacturer may be added to the emulsion mix or to any
of the component materials to provide control of the set time in the field.

V¥ PAVING MIXTURE
A, Mix Design _
Before work commences, the Contractor shall submit a si gned mix design covering the
specific materials to be used on the project. This design shall be performed by a
qualified laboratory. Once the materials are approved, no substitution will be
permitted, unless first tested and approved by the laboratory preparing the mix design.

The qualified laboratory shall develop the job mix design and present certified test
results for the Engineer's approval. Compatibility of the aggregate and modified CSS-
VH shall be verified by the mix design. The job mix formula shall provide a minimum
Marshall stability of 1,A++ pounds and a flow of 1 to \ units when tested according to
the modified ASTM Y23 or AASHTO Y£© procedure. All component materials used
in the mix design shall be representative of the material proposed by the Contractor for
use on the project.

B. Composition of Mixture
The Engineer shall approve the design mix and all micro-surfacing materials and
methods prior to use and shall designate the proportions to be used within the
following limits.

Residual Asphalt " to ? percent by weight of dry aggregate or \Y.° to YT percent
by volume of the aggregate
Mineral Filler 1.2% to Y.+ % by dry weight of aggregate

NAN, ¢
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Yant

Modifier As required to provide the specified properties (Minimum of -
Y.+ % solids based on bitumen weight content)
Water As required to provide proper consistency

C. Type

The paving mixture shall consist of a uniform mixture of coarse aggregate, fine
aggregate and asphaltic material. Mineral filler, and/or additives may also be required.
The mixture shall be designed so that the mineral aggregate will produce a gradation
which conforms to the limitations for the master grading for the type specified herein.
The gradation will be determined in accordance with ASTM C)¥\ (Dry Sieve
Analysis) and shall be based upon aggregate only. The amount of asphaltic material
shall conform to the limitation for the type specified.

D. Tolerance
The aggregate portion of the paving mixture produced shall not vary from the design
gradation by more than the tolerances which follow. The material passing the No. Y+ +
sieve is further restricted to conform to the limitations for the master grading for the
type specified. The asphaltic materia} portion of the paving mixture shali not vary from
the design amount by more than the allowed tolerance and is also restricted to conform
to the master limits.

Percent by Weight or

Volume as Applicable
Passing Y/A" sieve, retained on No. ¢ sieve Plus or minus ©
Passing No. £ sieve, retained on No. A sieve Plus or minus ©
Total retained on No. A sieve Plus or minus ©
Passing No. A sieve, retained on No. )" sieve Plus or minus ¥
Passing No. Y1 sieve, retained on No. Y- sieve Plus or minus ¥
Passing No. ¥+ sieve, retained on No. ©* sieve Plus or minus ¥
Passing No. ©+ sieve, retained on No. Y+ sieve Plus or minus ¥
Passing No. Y+ + sieve Plus or minus Y
Asphaltic Material Plus or minus *.°

by wt. or ).Y by vol.

EQUIPMENT

- All equipment for the handling of all materials and mixing and placing of the mixture shall be

maintained in good repair and operating condition and subject to the approval of the Engineer.
Any equipment found to be defective and potentially affecting the quality of the paving mixture
will be replaced.

The material shall be mixed by a self-propelled micro-surfacing mixing machine which shall be
a continuous flow mixing unit able to accurately deliver and proportion the aggregate,
emulsified asphalt, mineral filler and water to a revolving multi-blade mixer and discharge the
mixed product on a continuous flow basis. The machine shall have sufficient storage capacity
for aggregate, emulsified asphalt, mineral filler and water to maintain an adequate supply to the
proportioning controls. Self-loading devices which provide for the loading of all materials
while continuing to lay micro-surfacing, thereby minimizing construction joints, may be used.
Other methods may also be used by the Contractor if requested in writing and approved by the
Engineer.

Individual volume or weight controls for proportioning each material to be added to the mix
shall be provided. Each material control device shall be calibrated and properly marked.

The aggregate feed to the mixer shall be equipped with a revolution counter or similar device
so the amount of aggregate used may be determined at any time.

NAN., - ¢
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The emulsion pump shall be a positive displacement type and shall be equipped with a
revolution counter or similar device so that the amount of emulsion used may be determined at
any time. ‘

The mixing machine shall be equipped with a water pressure system and nozzle type spray bar
to provide a water spray immediately ahead of and outside the spreader box. Other methads for
accomplishing this task will be considered if requested in writing to the Engineer.

The mixing machine shall be equipped with an approved fines feeder that shall provide a
uniform, positive, accurately metered, predetermined amount of the specified mineral filler.

V+-2 STOCKPILING AND STORAGE
A, Aggregate Storage
If the mineral aggregates are stored or stockpiled, they shall be handled in such a manner as to
prevent segregation, mixing of the various materials or sizes, and contamination with foreign
materials. The grading of aggregates proposed for use and as supplied to the mixing plant shall
be uniform. Suitable equipment of acceptable size shall be furnished by the Contractor to work
the stockpiles and prevent segregation of the aggregates. el B

- B. Storage and Heating of Asphaltic Materials

: The asphaltic material storage shall be ample to meet the requirements of the plant. CSS-\P
asphalt emulsion shall not be heated to a temperature in excess of that specified for Grade CSS-
H. All equipment used in the storage and handling of asphaltic material shall be kept in a clean
condition at all times and shall be operated in such manner that there will be no contamination
with foreign matter.

V+-1 CONSTRUCTION METHODS

A. General _
It shall be the responsibility of the Contractor to produce, transport, and place the specified
paving mixture in accordance with these specifications and as approved by the Engineer.

B. Weather Limitations
The material shall be spread only when the atmospheric temperature is at least fifty (¢
degrees Fahrenheit and rising and the weather is not foggy or rainy.

C. Surface Preparation
The area to be sealed shall be thoroughly cleaned of ail vegetation, loose aggregate and soil.
Water used in pre-wetting the surface ahead of and outside the spreader box shall be applied at
a rate to dampen the entire surface without any free flowing water ahead of the spreader box.

D. Spreading Equipment
The paving mixture shall be spread uniformly by means of a mechanical type squeegee box
attached to the mixer, equipped with paddles to agitate and spread the materials throughout the
box. A front seal shall be provided to ensure no loss of the mixture at the road contact surface,
The rear seal shall act as a final strike-off and shall be adjustable.

The mixture shall be spread to fill cracks and minor surface irregularities and leave a uniform
skid resistant application of aggregate and asphalt on the surface. The spreader box and rear
strike-off shall be so designed and operated that a uniform consistency is achieved to produce a
free flow of material to the rear strike-off. The seam where two spreads join, shall be neat
appearing and uniform.

E. Workmanship
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No excessive buildup, uncovered areas or unsightly appearance will be permitted on
longitudinal or transverse joints.

Longitudinal joints shall be placed on lane lines. Excessive overlap will not be permitted.

Care shall be taken to ensure straight lines along the roadway centerline, lane lines, shoulder or
curb lines. Lines at intersections will be kept straight to provide a good appearance.

Care shall be exercised in areas that require handwork so that the finished surface is uniform in
texture, dense and of overall good appearance comparable to that produced by the spreader
box.

Rate of Application

The Slurry Seal (Latex Modified) mixture shall be applied at an application rate to achieve a
coverage of ¥+ to ¢ Ibs. per square yard base on dry aggregate weight.

MEASUREMENT

Slurry Seal (Latex Mbc.h'ﬁ.e_d) will i)e measured by the ton of ¥,+++ pounds of the composite

""Slurry Seal (Latex Modified)" of the grade actually used in the completed and accepted work
in accordance with the plans and specifications for the project. The composite Slurry Seal
(Latex Modified) mixture is hereby defined as the asphalt, aggregate and additives.

All material shall be weighed on certified public scales or the contractor shall place a set of
standard platform truck scales at a location approved by the Engineer. Scales shall conform to
the requirements of the Item, "Weighing and Measurement Equipment."

PAYMENT

The work performed and materials furnished as prescribed by this item and measured as
provided under "Measurement" will be paid for at the unit price bid for "Slurry Seal (Latex
Modified)", of the grade specified, which price shall be full compensation for furnishing all
materials and performing all operations necessary to complete the work.
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ARTICLEIT ¢+ REINFORCED EARTH WALLS

LI Source and Quality of the Materials

te V. General prescriptions

The main specifications are stated in the following table:

Matenals of reiﬁforg.‘.e.cl backﬁll Dmax_<_ \o. mm or
Dmax <Ye.mm

Passing at A+ pm sieve < Ve %

Draining backfill GNT ./ur

s g matenals T — Gramﬂomeh.y 2/“. i o st b .
PVC longitudinal drains PVC Drains @ Y. » mm

Non-woven Geotextile Type Y

£00 Y- Particular prescriptions
a- Watertight complex

A watertight complex shall be carried out on the totality of the reinforced embankment surface in order to
provide the steel bars protection against the aggressiveness of waters loaded with de-icing salts.

The watertight complex shall be constituted with a geomembrane and an unwoven geotextile, these two layers
being thermo-stuck or simply overlapped, the geomembrane side being set directly on the reinforced backfill.

The minimal characteristics of the products shall be the as follows:

NFG
Thickness A mm T Thickness - mm \
NFG NFT
TAY AR
Surface mass DIN G/m? Yoo Surface mass DIN G/m? VY
A N-3] . eV Yey
NEG | . S doeation:
4 + VRN nie. _ Traction ot Jorm? 1 on: \1.
Traction strength . o VA strength DIN daN/cm Length
arnov/s a¥yoe direction: 1. |
Elongation at | NFG % e Elongation  at | NFT % Length
NAN. . ¢
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rupture YA rupture of\. Y direction: Ye.
DIN Length
oYtoo direction: Ye.
NFG NFT Length
_ YA:\o KN \ o\ A e/ direction: 1.
Tear strength DIN N . Tear strength DIN Nfem |, gth
oYY ovYIY direction: .
NFT
Punching DIN co. | Hard °Ehd R
resistance oty .V N v ness DIN Shore A Y
oeYo.o
e NFG - . DIN .
|Permimivityka/e |\ | s0 | o [Coldbending | ... | °C | -
. NFT
Permeatflhty NNG Vm?.s Dimensional °of\ .o v -
perpendicular to |\, TS LM stability Wb/a-°C | DIN ‘ =
the layer plan orrvy

The overlapping between Y layers shall be of ¢ .cms.
The watertight complex shall be sloped according to a slope of £ % towards the interior of the reinforced backfill.

b- Materials for reinforced backfill

The source of constitutive selected marerials of the reinforced backfill is to be agreed upon by the Engineer.

They should verify the geotechnical criteria set by the document of the French Ministry of Transports "the
structures in Reinforced Earth - Recommendations and state of the Art" (edition July 3%1) as well as the
particular prescriptions given here below:

Slender structures(NFP 1£-YY.-1)

- °<Dmax<\e:

- Sieve at A+ um < )°% (measured on the fraction */°+ mm)
- Internal friction angle @' > Yo°,

Classical structures
Ditto slender structures, except for:
- Dmax £ Yo mm.

As far as chemical and electrochemical criteria are concerned, the materials should abide to the requirements of
the A+°-Ye¥ norm and to the document of the ministry of Transport "The structures in Reinforced Earth -
Recommendations and state of the Art" (edition July Y91Y), for the structures outside water; the main governing
parameters are the following:

»  Resistivity of saturated soil: p>V+++ Q x cm
° PH of extracted water: e < PH < V-
. Content in soluble salts:
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o  Chloride ions :[C17] <Y *mgkg
o  Sulfates :[SO )<V - “mg/kg

These criterions will be measured in conformity with the dispositions anticipated by the A+ °-Y°Y norm.

c- Filtering fill +/1Y

This consists in draining and no frost materials which will be set in place directly against the facing (between
..o« and ).+ m) and on the periphery of the reinforced backfill when the latter is situated in excavation position

with regard to the natural ground.

The materials shall result from crushed rocks; they should respect the criteria of granularity of the NF PA-1¥4
norm; the minimal characteristics of the materials will be measured in conformity with XP PVA-°£+ norm.

s  Granulometry : GNT /37 mm (NF PAA-1 Y1),
s Intrinsic characteristics : E category (XP PVA-e£+)
» Cleanliness of gravel : b category (XP PVA-ei+),

_ With respect to the chemical and electrochemical criteria, the prescriptions are identical to those specified for the
e S i - o T e it g 51 peetnt i mmamon

- " Draining material d/D

The draining materials which will be set in place around the drains or in draining chimneys should abide to the
following prescriptions:

- granulometry :d=fmm; D < 1V mm,
- characteristics of aggregates : DI (XP PYA-e£+) category.

With respect to the chemical and electrochemical criteria, the prescriptions specified for the reinforced backfill
are equally applicable.
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