[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

EAY \FoY Qm;?é)w‘ﬁm&‘fﬂwwudy;@rﬂj

o Do b oww o Slawlo S b 99 Cwoglio (wy 9

Y . #
Ol ied B grio oKLils ¢ cwdige g (B 0aSAlS (yl jas wdige 09,5 Lokl
Ol B B sixiio olKiils ¢ pwidige 9 (28 00N (] jee pwidige 09,5 (ST Al owlid IS (gemeiils Y

VRSN /-0y gl VEY/V/ A il g b

RS

Sluls 5l eolawl b s dwle (o8 5 Ceoglie omyp & S5 puiioms oy olBiws jl oolaiwl b iogsy ol 5o
oolail ol V B VY ganails b o olnls 5l jelaie oy sl oals a3y anle calises o515 90 o o
Glawle S5 g9, p Ve g Yo ) e oo S35 slodw,o b g Sluls jleolatnl Sl gy @ dllae pl jo conlonds
oS5 i oy Gialesl 5l del sy s Lelel el sad wiSle yy anle el 1515 g0y Sis
ol 2Bkl mli casloass S A3l Silas! aygl; 5 by Cunglio Lol Coge b Sluls g8l
U it s o2 el i a1 b o e a8 1,5 L slaaipnd 45 el o8l i 31
Y 1) oo S Lo lo SKasl aygly oS o515 L awle a4 2 Sluls wo o Yo 0938l a5 (5 ebay wiog
ot o515 LAl 4y i Sluls ao o Ve 0938l azmen ol Jiali8l ws o Y I, 0 Cwglie 5 sy

W85 Aoy F e s b Caeglie g a0 T liae 4 mlie S Sl STasl ayely iuli8l el

ooliie 5 s iy ilejl o 0 A6 (S (65l cdle 01y wuds

doddo
olfg,8 sl jo e drwgd el IS LB 8 Sliae sbosgpn ST, mlas o 5 Lol lgcay ST 5l oolaiu!
weie cloaSes doyT & gy e loojl g laows Slasl daol,F, 5 conkis claalSul Slas o e 5 slalis o b Jigs
oS o3l las loslinul oy pol (bl Gl el ools (al38l 1) (Slaisbs wllas &y 5li o ué 5 2505 5 o)k
ot gyie b golaidl J Sl ruizmen g atily |) atB3S )5 oolitul 3550 @llas 5l VL (SLdS pwiige S
Sy9e Slyes Al slaogn ;5 45 (dlas (nfanien 9 (nyeke dhoa jliwl 43518 ol Az g 3550 Ly
Iy osg,m sl ks 8,50 (ST 55 Oleogas plod Wilgh cad S a5 ST (pl 4y 4z g8 el S 00,5 0 41,8 colaiul
R 5 Syd) Sleios ey ) SB Sl g 35 ln (5L slaghs) Sl eslitul Soeal il axils s
i g el ansle ;5 oy Cnglie Lial33l jsliie 4y edgus b SlySin il )3 5l esliiul ) s S Lole (VTAR
03508 S 5 dwls bgline STShaol aygly 15l el wllae il (395380 45 ol (L 50 i 5 51 ol

DOI: https://doi.org/10.22034/JEG.2023.17.4.101685 mamelsakhi @yah00.com : Jytue saim s %



http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://system.khu.ac.ir/jeg/article-1-3102-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

4,,eﬂé~45|wh6ugﬁﬁu}uﬁwjﬁ AN

oo bl 5l ol allas Cuglin « Sl 5 5k asi oads bl Limgss ;o (AMelsakhi, 2001)s5 oo
O 4 g Sleisle laallos bl (el ate o alBisles] anlllae S Silo BT Ghoghy b (o) Slozsls
bl eyl 5o sl obolyas b oly 3losy sloasY 5o et 5 gilete 5 o b g e sk @ L
o il T gl . 3y plosil osle 50 51 SLaS 5 L g lasms o 3o 2T (55, 2 (SeilSle 5 (o528 g slainles)]
Jole 5 59la8 (VYA Sl 5 5l ,5k) witms 90 450 ool o 5 (bl 2 50 gllas (nl g eoliial LB ke
Ghazavi ) szl clawle S o il 030,5 alal o Sl a1 45 00308 (lgSeins¥ il 51 oliciasl by 5o
Ghazavi ) ai asls y Sluls wlas ol age slel s 4 (6,500 adlllas 4o rizen (@nd Amelsakhi, 2005
ok b gl anle S o i Sl A 40 (35 5 JSELeo lawy  Slalllas (@and Amelsakhi, 2005
Slawle SI CoS 6ln (b (Yoim b 2 peekisss 5l addllas (nl )0 ol pll 4t j35) 9 (aeb (Voo b
5 &le Sl w9 S )0 it o5 5 Sy g9 oS JUad Jole g9 90 51l Samgh Sanl oud colinl
U 5 5550 5o Lial33l L 45 s oo Lt s i ges ooliies] gy mydes cilizes lacile Lols 4 g4
5 JSELo) ailso Lial3dl Lodiges o0t Sgaome (6,Lid Conglin g0 £33 0aisS Jleb lale Liyl38 b eizman codisS
St b oad (ilae S Cuoglie sla el (bl g (myn 4 OB 5 (g ;08 sladdllas )3 (VA (G55
G S (S 03,55 S LIS a8 ol bt Sliios gl s ls yy o] dasomacany s Sl 5 8l sle
039 s balie oS ol Sglize Ll 4 o] ooins Sis slye 0055 b o (Silse L8, a5 058 o ol
bl 1o (J9) Sea¥ slails 005 b anslie (57065 S ndy 0515 izred 5 009 S 0395 4y S F S
shoge) D903 o3l (2805 sl 5l 9,50 plas (reizmen § Bl lgs Coty o 008y las plgie a b Tl g0
S (SS9 Oluogas 65, » Sal 5 ok yuSE 3t Glilpu 5 Oly S agy 5 (T Ken
6oL S ol alol aS 5,8 Lo Gl ce Gieghs ol 5l edelcasas s bl s aisls H1E w8 90 1) (glale
Llade ol g 09l oo STas SUid pgase (5 50 (S iwden il38l ceely Sl g slawle S 0 s 0 Ve b
o ol S Y Jake a5 amo oo lid Gized ol b oo elS sy Ve lade 4 Sl oy Ve deg
3995 ol 53 LsadlS (ol S Jlake o it aS g psbar sl (] g b ST b S ot cgz e e
LS (Stodly Sluls l solatul a5 axibl )0 e 5 Ldsa (VAN (o lilms 5 Slo) Wl oo Cavny (g0l S5
Sy W3y Sladad sl oslatwl 31 sy o Giogh ol jo .l Jge slails slaSE (6 5L cod )b Sen 10 B pas
3oolazwl Jolss Limgh cplyo oo a8 3 a3 o ol st .l sdls a1 sldils sl S (6L S8 b sas (0
L) plase geas 9 ((Bolad) plaiell oo & jg0 4 Dglite (559 Sl ;5 50 Bpae LSy (Seiadly Sluls jleg Sy
g CBR olXiiws i 5 009 Lubiie S5  olBinlej] &jgo 4 a5 all o slails 3,515 o ((adin o 4Y
sk Sty Slals) Seodly ol lehad ol )3 b a5 ams e bt gl ol oo 42,8 040 Liules]
adl e BB il 6L cud b o(SPoas oy w ailog; dwle : w dwle) Slawle S o (Soiiss
L aS o oanlice .ol odel Cassds e 4 s Seitadly Slakad 51 S39 duoys VIO B Y o gy polie ol


http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://system.khu.ac.ir/jeg/article-1-3102-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

fAQ VEOY Blis F okt (oadis Al unbige olidipe 4,50

S azo¥] Jgde cpbain g plaiel a o8 baylyd 0 i i 4 00,0 VIO B Y 4y (Seotodly Sladad 39 auo 0 i34l
33 A oy i 5 ialey] 5l oolitl b (slawle ST 5 Cangline sla el b ST g pedgss slaasls L5
oS b Conglio slayiall 5 (ogase (19 2 Slamle S 55 ¥ g podgss LS| 3b oy @0 Giogy o0l
Y a0 Ve 5 6Y a0 Vo bogSie,md VP dle 055 55,8 VP dsle couds colaiwl sl S .l ool aiSlo
Y o S w el sads aBlol Sigpolie g ailos,S jeue Ve 0 Lt SUI 5l aS Col s, (Ked pgs5s slaails ol
REPA RSP WORGE JF IUSICOUCT IV U S ISPV O SR L GOSN O 1 P IO I i S PV} PSRV ¢
Sllasl agly pg8955 39 dwoys Lialidl b aS aims oo olis sdal Cuvsa b ad bl JWubglS VO e Ve vl
bolio jo 058 slo s iulidl b sl oo (]38l psdgii-S1e bl jo (5,0l Saz g ol ank o L5
a8 S 355 raeb Sz ez pp oo Sl oy Canslis (53555 Gt 39 2059 1) o35 5 s
P S L psdgiias,s «fF g LMW jo e Col pin S Saucs o138l )0 48655 0453 )..)L bk
G axg bogh oo paiS o (J3e SKlasl agly pals # 5 g 4l ioli8l g 5uS cepn L S Sais 0,
L LMl &g 40 1) ool Sislesl slasSs S Sz g (Al SKasl aygly polas olgi so oo plol sla ool
Slr Ol 5 (LALLsS VY Jlo 50 (0T (635 9 6,852) 9,5 (o sowlie w8 b pgdes) ;00 slads s
Sas,s 5 Woged oolaiwl saScais Jule SO Glgie 4 BL3L &5 5l e lawle S (g lnd Coglio Sgugo
L as s lade ialydl as ol oylis baiolesl ol aisls 13 iolesl 0,90 1) (ot (lawle S5 ¢ 28050 &5 calise
5 & Lad Caglie aid sanlive Sis axly 59 50 o2 e BB Lialidl ge a5 b j0 il ol o digy Cugby il3
5 6led Cuglie 5 (8L5L &S e moldl 3Taul g ol eal CBlL &S 0938l L pitS slaS 5 Ceoglie
SE L awlio o glavk S cwglas (ioli8l sl c8L50 &5 5l colaiwl 0g azg BB oS Cuglin b anslin
b aglin ;5 5ol w53 48l Sy sboaiges Cuaglia » 591 Jos oy 3l casls g gazgs BB 5 e
stz BB sb & Cuoglin (o515 (Giomte by Cans )3 O o b oad agd sladigad 350 10 35 i VL (i
odalive o515 gotine i Caaw )8 Cagb, jlade b ool agd diged Cuoglin ;o 5zl oS (o cnl bl oo als
2oy Cdgh; 4 e dwle (59, 51 o5l mail Sl anlllas 4 ], Sen 5 awg (KObayashi et al.,2013) o
00 s S (5550 G Canglin 5T 09l m il 51 (6,500 adlllas jo o) )Ken 5 awy .(YOUusefi et al., 2021a)
Ol ikl addllas s o (Yousefi et al., 2021b) wols 1,8 alfisle;] sw)p 3,90 |, cdgss 9 lowas b
ULM 9 r:s.uLH.' QAHMS‘ s lJ 03l C)Lo‘ )low) awlo ‘5.»).5 wsLﬁA R L GQ&MJLA)T axlllas sS.: e u‘)lio.&b
Iy las cpl 5l oolainl cuze @l)il g a5y awle S SKasl aygly yil38l 50 5 wlas ) daowe cagy &l


http://dx.doi.org/10.22034/JEG.2023.17.4.101685
https://system.khu.ac.ir/jeg/article-1-3102-en.html

[ Downloaded from system.khu.ac.ir on 2025-12-06 ]

[ DOI: 10.22034/JEG.2023.17.4.101685 ]

4,,0-\.36\..#‘5|ML= Sk S Cwglis pwy

fa-

OF Y ol 5 o Jole) 03,8 onlimasl asle 2y Cosslie tal33l jslace

woly Ll o Slals 31 cwym b del 6l (L8 Slalllas 5l oals cnalie M 4y axgi b allas ol o

el 00l ool jelaie s I 5 peiiae iy oS 5l syl 10 000 oo ASl  anle S Sl

Tl g lgo
S wlazice

VPV oyl aF L 055 5958 3 hilinl dsle sl 055 55,03 VP asle S g5 5l pole imedy o ond sslil S

S8 oolaiwle jge b awle L3, (59, » ‘Sa;lix‘;%uﬂ Slallae ;o as oyl g0l avls 9 oy LS a4 ol cals

i anb 3b (Ul gles o S 0,5 Sid 5l e cenl a4l awle S 055 59,8 VP ale 0K

sloJsoz jo olulis sl ialej] bt 00,5 sandids SP sles b oo (gamasls oy (ails ) dwle g5 51 S oo

Table 1. Soil properties
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Table 2. Sand chemical properties

%SiOz %AL,03 %Fe,03 %Ca0 %Na0 %K-20
98.41 0.2 0.89 0.28 0.03 0.022
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Fig. 1. (a)Sand’s grain size distribution curve; (b the used sand; (C) concrete waste material.
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Table 3. Mixing plan of samples

PaTe O)9 s olals b asle 039 e e gyl e o gnd fass
(oo 0 55L5) (p55k5) (p55L5)
1370 0 19.11 0% Al
1370 1.74 17.37 10% A2
1370 3.19 15.93 20% A3
1370 441 14.70 30% A4
1434 0 20 0% Bl
1434 1.82 18.18 10% B2
1434 3.33 16.67 20% B3
1434 4.62 15.38 30% B4
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Fig. 2. Shear Stress - Normal Stress diagram for loose sand (samples A)
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Fig. 3. Stress - strain diagram for loose sand (samples A)
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Fig. 4. Vertical Strain - Shear Strain diagram for loose sand (samples A)
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Table 5 - The results of the direct shear test for loose samples, (series A)
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Table 6 - The results of the direct shear test for dense samples, (series B)
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Abstract

This research is a laboratory study to improve the geotechnical properties of sandy soils. Concrete
waste with a grain size of 1.2 to 1 inch was used for this purpose. The effect of using concrete
waste at 0, 10, 20 and 30 weight percent on dry sandy soil in two loose and dense states was
investigated. Based on the results of the direct cutting test, the addition of concrete waste has
increased the shear strength and the internal friction angle of the soil; The loose samples made
with 30% of concrete waste had the greatest effect, so adding 30% of concrete waste to loose
sand increased the internal friction angle of the soil by 32% and the shear strength by 42%.
Similarly, adding 10% of concrete waste to dense sand increased the internal angle of friction of
the soil by 4% and the shear strength by 6%.

Keywords: sand, soil improvement, concrete waste, large-scale direct shear test.

Introduction
The use of waste materials in geotechnics is very important. Waste materials can be harmful to the
environment, but they can be useful for reinforcing and also rehabilitating soils. This aspect of geo-
environmental engineering has been widely considered in all countries like Iran. Many laboratory and
numerical studies and also in a limited area, field studies are being carried out all over the world.
Ghazavi and Amelsakhi used scrap tires to reinforce the sand. Their studies show that the use of this
waste material can increase the cohesion and also the internal soil friction angle of the mixed sand
with different waste tire shreds in percent (Ghazavi and Amelsakhi, 2005). They continue their
laboratory study by using 30*30 centimeter direct shear test and CBR test to refine the optimum
aspect ratio size of tyre shreds which has the highest effect in strengthening the sand mixed with this
waste material (Ghazavi and Amelsakhi, 2005). Kobayashi et al. used the chalk waste material in silt
and also in sand. Their study showed that the use of this waste material in sand can be more effective
compared to the use of chalk waste material in silt. Another important result obtained in this study
showed that the curing time and also the water content are important factors affecting the results
(Kobayashi et al., 2013).
Materials and Methods

The waste concrete material is used in this study in order to reinforce the sand in the soil. The effect
of this waste material on the cohesion, internal soil friction angle and behavior of sand reinforced
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with waste concrete material is investigated using the 30*30 centimeter direct shear test. This research
is a laboratory study for the improvement of the geotechnical properties of sandy soils. Concrete
waste with a grain size of 1.2 to 1 inch was used for this purpose. The effect on dry sandy soils in two
loose and dense states was investigated using concrete waste in percentages of 0, 10, 20 and 30 by
weight. To investigate the effect of sand density on shear strength parameters, loose and dense sand
are used.

Results and Discussion
Based on the results of the direct cutting test, the addition of concrete waste has increased the shear
strength and the internal friction angle of the soil; The loose samples made with 30% of concrete
waste had the greatest effect, so adding 30% of concrete waste to loose sand increased the internal
friction angle of the soil by 32% and the shear strength by 42%. Also, adding 10% of concrete waste
to dense sand increased the internal friction angle of the soil by 4% and the shear strength by 6%. The
obtained results show that the density of the sand is an important parameter that affects the behavior
of the reinforced sand using waste concrete material.

Conclusions

The use of waste concrete material to reinforce the sand has a positive environmental impact. In
addition, the use of this waste material can increase the cohesion and internal soil friction angle of
the mixed sand-waste concrete. The main reason for the increase in soil parameters is the interlock
effect, which we call in two parts; cohesion and internal soil friction angle. The most important aspect
of these extensive laboratory tests is that they show that waste concrete materials can be used for soil
reinforcement and can be used in many civil engineering projects in the field of geotechnics.
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