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AR DEE Integral studies on soil improvement in the arid land by using industrial by-products
such as slag, fly ash, waste iron hydroxide mixed with dune sand in the desert,

bentonite, cement and/or lime
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This research divided to two main parts the first part also divided to parts

In the first part from the first part we have tried to use the waste materials fly ash, slag, and bentonite to develop dune sand using Japanese
standard sand (JSS) as substitute for the dune sand to use as base and sub base material for the embankment road construction. We have tested
these materials individually or as mixture like specific gravity for every material grain size distribution analysis for every material, plasticity
properties as mixture, free swell tendency for bentonite only, compaction ability for the mixtures, California bearing ratio (CBR) for the
mixtures to check the ability to use as base and sub base material. By mixing the above materials together by different ratios we got good
results for the road construction base and sub base as good dry density, low moisture content and high California bearing ratio. We found that
the slag is effective more than the fly ash that increases the dry density of the mixture. Also increases of the bentonite ratio increases of the
plasticity and decreases of the CBR.

In the second part from the first part we have tried to use the waste iron hydroxide with or with out slag as base and sub base materials we
also tested this materials with the same tests above. WIH is available in two types as a filter pressed cake type and a dried pellet type through
rotary kiln. We have found that using the waste iron hydroxide material individually or with slag it gives very high California bearing ratio.
Waste iron hydroxide slightly has low dry density and high moisture content using slag with waste iron hydroxide increases the dry density and
decreases of the plasticity properties and also decreases the moisture content. 'We have found that the dried pellet type is better than the filter
pressed cake.

In the second part we have tried to use fly ash, slag, bentonite, small ratio from cement or lime using and Japanese standard sand (JSS) as
substitute for the dune sand to develop new type grout to use in general for the soil improvement or tail grouting especially. To check these
mixtures to use for the soil improvement, we used experimental program to check the mixtures in the fresh case and after solidification case.
For the fresh case we used flow ability, pressure filtration, slump, bleeding, and the setting time tests. For the solidification case we used the
compressive and the permeability tests.

We have found the following

All the type of grouting except ground compaction accepts high flow ability but only the ground compactions accept low flow ability for
the grouting mixtures used. The mixtures that contain small bentonite ratio, fly ash, sand, slag, and lime is very good for all the grouting types,
which give high flow ability. But the mixtures contain high percent of bentonite, slag, sand, and cement it will be very good for ground
compaction grouting type, which give low flow ability.

Bentonite it is the main material affecting on the stability of the mixture (Kft) where increases the bentonite ratio increases the stability of
the mixture. Increasing the slag ratio slightly decreases the Kft where slightly increases the stability of the mixture. In case of cement, sand,
and slag increases the cement ratio slightly decreases the Kft, but in case of mixture contain cement, slag, and bentonite increases the cement
ratio increases of the Kft. Increases of the lime mixture with any mixture slightly increases the Kft where decreases the stability of the mixture.
Also increases fly ash ratio in the mixture decreases the stability of the mixture where increases the Kft of the mixture.

Setting time of the mixture is mainly depends on the cement, lime, slag, and fly ash where increases of any of this materials increases the
setting time of the mixture. The effect of increases of cement, lime and slag is much higher than the effect of fly ash on the mixture. Bentonite
is also affecting on the setting time of the mixture. Increases the bentonite ratio decreases the setting time of this mixture. Increases the slag
ratio in case of mixture contain slag, cement, and sand is more effective than the same mixture but contain lime instead of cement where the
setting time of the mixture with cement is lower than the setting time of the lime ratio. Increases the slag ratio in case of bentonite, lime, and
sand mixtures is more effective than the same mixture but using cement instead of lime where the setting time in case of lime is lower than the
setting time in case of cement. Increases the fly ash slightly decreases of the setting time of the mixture. Also the lime is more effective in case
of mixing with slag only where the setting time is less than the setting time in case of using cement instead of lime.

Compressive strength of the mixture is mainly depends on the cement, lime, slag, and fly ash where increases of any of this materials
increases the compressive strength of the mixture. The effect of increases of cement, lime and slag is much higher than the effect of fly ash on
the mixture. Increases the bentonite ratio decreases the compressive strength of this mixture. Increases the slag ratio in case of mixture contain
slag, cement, and sand is more effective than the same mixture but contain lime instead of cement where the compressive strength of the
mixture with cement is higher than the compressive strength of the lime ratio. Increases the slag ratio in case of bentonite, lime, and sand
mixtures is more effective than the same mixture but using cement instead of lime where the compressive strength in case of lime is higher
than the compressive strength in case of cement. Also the lime is more effective in case of mixing with slag only where the compressive
strength is higher than the compressive strength in case of using cement instead of lime. Increases the fly ash slightly increase the compressive
strength of the mixture.



MY EEEROES

Wi, BET Y7 b OBEICST2HBRBEMOBYLE HIYIZ, DEODESRHE
Hire L, BETCAFTEZHUBEEREDDRAZ T, —REZEWTDHDF A4 NVINZEVE
74— =¥y ZADRFEHIKDIGEE ICHFET DS % AW CERIR B 5
FZEL, El, PEOEXA YV FREREMATE Y XNBADHELTOZ 57 b Oo—fHh
BEBMERRET A ENTAETHIIEE MEBRRELTEEDLELDTH B, E 517,
RAYV IR O_BbF s VBERABRTERINS BADEXZBEN THE5FMEE A\,
REF Y 72 SRR AR BRI L 08 T T - 72,

WRIIEREEERE LEZLDT, HETRIZAZHEOW, GRIKPRXV M A FE2HAN
TERET LN, 07 NOWEOW, 7+ —F¥ -t ¥y 2DOBEHIK, BBtk
BEABMHORIIEZS2ZEEHLMZIL, TNOGEAWVWTIQRERIY Y XA TF Vv — L
B - XB¥NHEFOKEEREECEATIRBMEIZHRE L, /2. Loz ED
XM, AREREAGL, LELHEE, LAEERLD7S Y MHOBHBHERMREL. B
fli 7z Mg Sk RM OBAREM 287, X512, FAROENEHVWTHADEXRREN THSF
MR A LB E TV EERED OBFF BN 25T 1=,

AW, #BHE L LTSI THEWVZL 2o RERHOWEOWI, EEREEYD
—REEDE AN TH B SBHE2HRBTEZ 2R, POV BOEELBRYWTDH
Bu XYM RKEMA M2 REM RO I B EIESZ B TH D Z LA L.
ERHEOHBRROAEERLZ . BEWOBAREMR 2K L-ZIZd, &5
. ERMEORICB T ABRESHEBEANOFELL D 2B TH S,

PEizko, KR, FRELOEMICET 258 LTED DI X KB,



