S gilwig 0593 50 M b (6,105,L sy b9y 50 ol U Sl 381 )l o (o y

Obewjgs peidlo (6090 axdllae oy (s )

A‘_;}w.:)l.;: ol wozxo ‘Fsaual.i Lo e o ‘Y‘_g).,.ém S0 ‘Tol.g‘}o)' ke dozxo B “ég.w%l.g: S0 NS0

m.m.pardsouie@gmail.com )l ! «;lacsl «ylggsl 9ty oDl ol5T olKiiils ¢yl poe oSl -
Mzomorod@shirazu.ac.ir ., ol s ol s olfisls O cwdige Gidw «53,9LiS oasiasls -Y
m_mokhberi@iauest.ac.ir |l Ll < lgiwl oty codal ol3T olKitsls o)) yoe oSzl ¥
S.naseni@modares.ac.ir .l !« lacl «ylagl 9ty oDl ol5T oSl ¢yl yoe 0aSitils ¥

m.h.pardsouie@gmail.com .l ! Lzl gl axly codll of5T olKitsls ¢l pae 0aSitils -0

ouS

3o e olpl e alawlie 255 oo 1,8 oolaills jge crwy jeb 4 Los bly sadl o a5 cunl by Jlo S alwgay (I8 L oo Jlee!l (6590555
g g0 0018 trio glajlugcsls aargl ciblonile Bl aslial 55555 pl o,Slas 05zt 5 el Glizmen oo sla)l5 50 o Jls cndS
3 o G Bl oo (SB (Gilate piem JS 53 (5000 GRIPN a0 5 CSle ploj RalS b4 (ieleSS al ol o s Jlet (Sl
(SOges cSL“’ui&-“)' 9 )lg).» )lg ) M 6L“’W $90 5 w‘ﬁ‘ )9.19'.;,:43 > )Li‘..é )‘l solawl Laules L) 5,90 54 Wl)sl 9 059, Glf Sloal Oy,
3,555 bl 5 azesn 5 51 glaods lal alie ol o aas o malSAl) LA s 0 Soxi a0 4 Gaua, @l 3o yse oy g el Gl )5 5 S50 L
S @S58 g ca 00l liS dee 039, ST 6l o) 0,54 B8 L el ! soel IS Gl e g 0 Sl M b S 0S8 sl
S gilags ez ( PVD) Goges sl iSa; ol er 4 by b ) 0595 QT 5o aS il ouds il (65,50 axdllae lgicas piole gile JY) axly
Y al iolS )b gy £ adsl by g2 cdle an o Jaw jo JSWbollSTVD g f - Y e 4 D L Jow ol 3 e 09 4id )3 108 eolatils jee
Oy 0 M (65138, iy Jlos! osal sty lis arazgil 285 J18 cy 0 355005 0a LS G Glie g 0085 Jlosl by (9o <l j0 5 (555
el )l bl 00,5 o il slrofyy 50 ST (il w50 Sloj S el s golatil L Sl oa sael S Gl (tal3E el g LB
2008 e aallln )55 aradh cllodlyieay JISLLLS T B s 5 s T il

ls’ Solols

b g0y S (50508 GBSl yuo M b (1055l iy



doddlo -

e ABLS @S5 g 5SS 59,5 2 S sleojle Harwliigd 9 oS5 g bk lay S cale 3l sl s
o My 05" Jdin 0 g lojlwgile fdn ol 0ad S 50 (il oSS Ale; 50 0L slocd iy @
L el s S b (iblis )5 e o sl sl ,0 5 555 5 (5 @lie 2979 0l3T (g i (Sl golatdl Lyl
Gloloe 9,5 5TES 05 Gl (nl (Silate nlnlo 0l oo plnil ol Glacewis ClbB b Grizmen 5 (ol )b )b
ol $y900 ol (LA Glacinis (rizen 5 3k Gl 6 2ol jshaied jlugesle

Sl a8 3 L dealainl 0550 cw) s o S swiige Sleogas dgugs gl andS UL b o gonxie sla g,
iy 5 osliial Lo, S o LBl (4138 s ey 5 [V N Glas 5 oy Brrme BYS (2g) o (T (25 geone 3l ol (o0 oS
2l b 5l eoliialie g, la8 )L iy ¥logs 0 000 shae Slo)lS 10 Cgme 5 SIS glo g 5l (S (lsre )15 L
et Sy S 45 Jlo 0 gl Bl gl oS 51 o 5 28l o s o3k 55 53 5 b el e 55,
S s e 50,5 0 b s B e o a5 & I s iy & 0S5 o ol 5y S5 L
o, oo )15 ealitl 550 0SBl 5 5 olad (5Sa) Jag )3 g (slp Vgano (PVD) (s050e slo (iSaj 5l s
Ly ol yo 35 jLitd 51 oolicisl aindiee (iolS Lylielis 580 yoane 45 ol disT s (03908 Sl (SRS e ,5kas [0
D5 lsd s el S 5L o )50yl jlade g ol oS anl B 50 @ el (g yidn e 4 Wl oo )l IS
55,75 o ST 5 fign A5 5 Sals en Dol TGl 1 e o5 55,5 o ke (shiia T L85 paal 52 4 el ol
oy St o S b iblie 15 ol oo gy cloislg® L] cdine T JLid it ialsl g0y 0uSos a1 Lyl as
Oloy Cudl 4 az g L .0,.5 )18 oolainl 550 oglhe &S gaias Wil o D (L )l g2 wily sla 5 S ol Sl 4
oion SB Silate Caz S5 0y50 oy Rl sl (o], Jlen @ o lgen o390 5o JELD i 9 ullie ailie slo 039 o
e ol s ;5 18 ] sg0i o)l b a5 oci as 531 L o LS alols als 4y Jlie jsb 4 lg5 oo 45 ol ooy
39 900y Buos Slo Y 4y dsai 4y Hol8 aS Wil 48,5 18 eolanil s e e Lid w565 jslaie 4 55 PVD 5 Jeitiee slo it
TN YIastools ol 8l omg BB e 4 1) witaces sl g Cas oo domgs
Lo ,US g 4855 50 ol ailflan ladllas (gom ans 95 50 o] 5o [A&E sty IS Lawgs VAOY Jlo 0 M5 b oS
0 G55 SV 55 050 ) 3 By s 595 (Sl cslo solin T Gl JLo jo by ol oy ol 5o
L aslio ;0 5 oy g 5 ol e85 oSl o Wil oo D SaS 4 oSou 45" Wil 0ol Lis Slalllas [V Y1) <l
Sy ol o & M b 0S5 030 S 5l pleds ) IS8 [VFled 5 S5 aliog 0 prisll (o, (613800 i 58 Jgame s,

228 oo lid ] (goges 1S5 4



[15]) 55 g 5Ly 5l alewgay (5105 )b iy 1) S5

Figure 1: Preloading by surcharge preloading and vacuum load [15]
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Figure 2: Consolidation process a) Normal loading b) Vacuum preloading assuming no vacuum loss [16]
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Figure 3: Schematic representation of vacuum consolidation [17]
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Figure 4: a) Consolidation with the help of vacuum preloading b) normal surcharge load b) applied vacuum
preloading on the ground surface c) the combination of vacuum and surcharge preloading [19]
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Figure 5- (a) Axisymmetric single-cell model used in finite element simulation b) Diagram of embankment
construction and settlement in area No. 1 of Mahshahr clarification unit [22]
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Figure 6- Predicted settlement against measured data on site in Mahshahr clarification unit project (measured data from [21])
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Figure 7- Bed settlement under vacuum pressure of 30, 60, and 75 kPa for a) 6=meter surcharge b) 3-meter
surcharge c) without surcharge
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ABSTRACT
Vacuum preloading technology has been widely used all over the world for years. Unfortunately, in Iran,

even after years of practical work, the efficiency and functioning of this technology remain unknown. Due to
the extensive industrial constructions in the north andssouth coast of Iran, this technology can play an
important role in advancing the overall goals of the project andsincreasing productivity due to the reduction of
construction time and as a result of increasing the productivity of the entire soil improvement system. The use
of vacuum pressure in order to increase the efficiency of systems containing overhead loads and vertical drains
is very effective and efficient and reduces the time required to reach the desired degree of consolidation. In this
article, first, a summary of the history and basis of operation of vacuum.soil consolidation systems is provided,
and then the efficiency of this system is shown assuming its use for a practical project. Substrate consolidation
of Mahshahr clarification unit has been selected as a case study in whichithe projeet used surcharge preloading
along with vertical drains (PVD) for soil improvement. After validating the®model, vacuum pressure of 30, 60,
and 75 kPa was applied to the model in three states of initial surcharge preload'of 6 meters, reduced surcharge
of 3 meters, and no surcharge, and the increase in efficiency was investigated:“According to\the obtained
results, the application of vacuum preloading significantly increases the efficiency both economically and time-
wise in the soil improvement system in similar projects. The reduced slag load state of\.3 meters‘and vacuum
pressure of 30 kPa was determined as the optimal scenario in this study.
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Vacuum preloading, surcharge, vertical drains, consolidation, weak clay
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