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Ahet~ For several years various in~~stigat1on5 have 
studia::l tne possibility of using res.incus rna ter ia 1 s to improve 
the properties of natural soils. The improvement may be 
through lncreasing bonding.waterproofing,tensile stren
gth and othe~ properties of the polymeric materials. 

The urea-formaldehyde resin was used in this paper, 
as a soil "stabilizing agent,to improve the cna4dcterls
tics of desert and beach sands. The results are encoura
ging since the addition of about 5.7% of urea formaldehyde 
increases the2co~pressive strength of the sand to more 
than 40 Kg/em after 7-days air curing time which enables 
the sands to carry neavy trafflc according to AASHTO speci
fications. In addition, the abrasion (esistance, water 
absorption and modulus of rupture have been improvod. 
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1. INTRODUCTION 

In a flexible pavement, the bituminous concrete and 
its under courses distribute loads downwards to the sub
grade soil. Additional strength in the subgrade soil can 
lead to a prolonged pavement liretime. Stabiiization 
which is a treatment of soil to improve its strength, 
works primar1ly towards this end. Different materials 
are used for so~l stabilization Sllen aa l~e, Cement , 
bitumen and chlorides witn different degrees of success. 

Recently many investigations are done to study the 
possibili~y of using polymers to modify the properties of 
SOme types of soils. Polymeric materials possess outstand
ing tensile strength, chemical inertness, good adhesion to 
other materials and other valuable properties which draw_ 
conside~able attention for their use In soil stabili2ation. 

A number of polymeric materials were used in the Sov
iet Union as "structure formin9 agents" suitable for creat
ing highly water resistant and mechanically strong soil struc
tures to control erosion by wind and water on farm lands 
under CUltivation (7). Japanese used polYmeric materials 
in ro~d construction and bridge oeck overlays for the 
negligible permeability and high strength of the mixture(3) . 
In Germany, the sand bed underneath a pier of a railway 
bridge was injected with urea-formaldehyde resin to increa
se the compressive strength (1). Sand of "aadi-desert near 
Cairo has been stabilized using polymeric materials which 
resulted in improvement of its absorption and strength 
properties (1). 

The aim of this apper is to study mO~e thoroughly the 
possibility of using the available local "Urea Formaldehyde 
resin» to stabili2e different types of sands: "desert sand~t 
"uncleaned beach sandI! and "washed beach sand", 'The inves
tigation includes the effect of the amount of urea-formal
dehyde and time of air curing on sand properties such as 
compressive strength, flexural strength, water absurption 
and abras·ion resistance. 

2. MATERIALS ANO TESTING PROGRM\ME 

Generally the chemical Composition of sand determines 
the type of polymer to be used. The best type of resin to 
be used for sand stabili2ation is that containing a high 
percent of silicon oxide (Si02)· 

2.1 Sands 

Three different types of sands were used. They are: 

Sand I Obtained at one meter depth from Cairo-Ismailia 
desert road at 54 km around ~he lOth of Ramadan 
city. 
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Sand II Obtained from Gamasa beach to represent b9aeh 
sand ~ith salts and chlorides. 

Sand III: Represents saod from Gamasa beach after washing 
with tap water:. 

Grain-sIte dIstribution of the three types of 
sands is given in Fiq ure 11), while the chenical analysis of 
these sands is given in Table (1). 

2.2 Urea-Formaldehyde 

Urea- formaldehyde resin is classified as a thermo
set material. The high degrees of cross linking are used 
to impax:t high r1q.Ldi ty and dimensional stability under 
conditions cf heat and stress. Most mechanical propert
ies depend on and vary considerably with molecular ~eight. 
The Urea-Formaldehyde polymer is generally characterized 
by : 

High rigidity and hiqh resistance to deformation. 
modulus of ela!lticit~· i the res.l.S tance to deforma
tion as measured by the initi!l stress divided by 
("L~Llri'lnges from 6.895 )( 10 to ].448 ')t 10 6 
KNjm (100000 - 5000000 psl). 2 
tensile strength ranges from )4475 w 82740 KN/m 
(SOI)O-l2000 psi). 
Very small elongation (0.5 t.o l \). 
amorphous polymer with hIgh chain rigidity as 
achleved by extensive cross linking. 
It can bond and link sand mineral particles and 
becomes insoluble after the reaction is completed 
it resists t~e biochemical decomposition. 

The Urea-Forna.Ldehyde used in this ~ork is prod~ced by "EI
Nasr Company for particle Board and Resins n at El-Mansoura, 
and its characteristics are given in Table(21. 

z. J '!'esting programme 

C.36 

Three v~riables were considered in the testing programme. 
They are 

Amonunt of Urea-forma:dehyde to sand. The follow
ing values were taken 2.4,5,6 and S\ by weight. 
Time of air curing of mixtures. Time was divided 
into 1, 14. 21 and 28 days after preparation. 
SOakIng of specImens in water wher~ sa~?les were 
allowed to soak in water for one day before per
forming tests. 

In addi lion arrm:::mi\.lll chloride was used to accelerate t.ne 
polymeri1ation process. 
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For each speci~n of the above combinations the 
followIng tests were performed. 

1. Compressive strength 
2. Flexural strength 
J. Water absorption 
4. Abrasion resistance. 

3. ANALYSIS AND DISCUSSION OF RESULTS 

a) CompressIve strength 

Figures 2 and 3 show test results. It can be seen 
that 

l. COmp~essive strength of desert sand increases 
with the increases of the percentage of added 
Urea-fo~ldehyde with a peaking value showing 
an optimum at 5.7% then it starts to decrease. 

2. For beach sand either before or after washing 
compressive strength increases steadily to 
the maximum percentage of added Urea-formal
dehyde 8%. 

3. The compressive strength increases with lnc~eas-
1n9 air curing time. 

4. The maximum obtained values of compressive 
strength, after 28 days for desert sand, beach 
sand, washed beach sand were found to be 95, 
148 and 164 kg/cm2 respectively which are 
quite suitable for many structural and road 
constructIon uses. 

S. soaking the Urea-formaldehyde treated speci
mens in water for 24 hours after 28-days 
air curing time reduces the compressive 
strength to about 40% of the original value 
before soakIng. This may be due to the long 
curing time required to complete the poly
merization process before. soaking. 

b) Flexural stregnth. 

From Figures 4 an:l 5. i.t is clear that : 

1. IncreaSing the percentage of added Urea
formaldehyde (2-8%) resulted in an increase 
in flexural strength. This increase peaked at 

-5.7 %'for desert sand, while it was steady for 
beach sand before or after washing with water. 

2. The m~Kimum achieved values of modulus of 
rupture for the desert sand. beach sand ~nd 
washed sand were 48, 51.5 and 51.5 kg/em 
respectively. 
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3. Soaking of specimens in water far 24 hours 
after 28 days air curing reduces the flexural 
5trength to about 40-50\ due to the incom
pletenes5 of polymeri%ation process. 

c) Abrasion Resistance 

Figures 6 and 7 indicate that the percentage of 
losses in weight by abrasion decreases with increas
ing air curing time and by adding Urea-formaldehyde 
up to 6.7 \ for desert sand. 6% for beach ~and and 8, 
for washed sand. After these percentages, the losses 
reach approximately a steady state giving percentages 
of wear between 3.5 to 5.5\ by weight for all speci
mens. 

The maximum values of abrasion lossses for treated 
samples ranged from 3 to S\ by weight after 2B-days 
air curing time. 

d) Water ~bsorption. 

Figures Band 9 show that the percentage of water 
absorpt~on by weight decreases with:-

1. increasing the percentage of Urea-formalde
hyde up to 6.5\ for desert and beach sands 
wh1le it reaches 8% for washed sand. 

2. Increasing air curing time. 

The mimumum value of the percentage of water absorbed 
of all types of sands is about 6.S , by weight. This 
value ~as obtained after 28 days air curing time. 

4. THE MECHANISM OF POLYMERIZATION 

Polymers are macro molecules built up by the linking 
~e~r of large numbers of much amaller ~olecules. The 
small molecules which combine with each other to form 
polymer molecules are termed "monomers" • 'The reaction by 
which they combine is '.:ermed "polymerizat.ion". Polymers 
are classified as linear, branched or cross linked poly
mers depending on the structure shape of the polymer mole
cules. 

Urea-formaldehyde haa an excessive rigidity due 
to extens~ve cross-linking which leads to an inability to 
crystallize. Urea-formaldehyde shows the characteristics 
of highly viscous liquids. 

The polymerization of Urea-formaldehyde under mildly 
basic conditions yields methyol derivatives such as monO
and di-methylolurea (XIX). 
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HOCH 2 -NH-CO-NH2 
(XIXa) 

HOCH 2-NH-CO-NH-CH20H 

(XIXb) 

which .. are then _polymeri zed to· network structures under .. 
neutral or slightly Acid conditions. The nature of the 
cross linking reaction is out of the scope of this paper. 
Cross linking reactions via both linear (X~) and cyclic 
(XXI) may take the form(6): 

---CH -NH-CO-N-CH -NH-CO-NH 
2 i 1 

CHl 

I 
NH-CO-NH-Cfl Z-N-CO-NIi-CH 2-

linear (XX) 

-N
cyclic (XXI) 

5. CONCLUSIONS AND RECOMMENDA'UONS 

Based on the ~est results and above analys1s, the 
following conclusions could be drawn. 

1. Adding 5.7\ Urea-formaldehyde by weight to mediwm 
size desert sand gives about 90 Kg/cml compressive 
strength after 28 days CUring t~e. The same amou2t 
enaole& the beach fine sand to withstand 130 kg/cm 
compressive stress after 18 days curin9 t~e . All. the3e 
values largely exceed' the AASHTO specifications 
for portland cement stabilization (40 X9/cml) for 
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low allu lllediulll traffic. This lIteans that Urell
formaldehyde treated sands wi!l satisfy the 
AASHTO requirements vith higher factor of safety 
for all types of tested fine and medi~ sands. 

2. Washing the beach sand with tap water increases 
t.he pJl v(11ue. 'the nigher the pH va L ue. aDove 7, 
for the treated sands the nigher the compressive 
and f~exural strengths. Tnis may be attributed to 
the higher bond developed between slightly acidic 
Urea-formaldehyde (pH = b.8) and the alkalinity 
of sandy materials. 

J. Compressive strengtn of snnds treated with Urea
formaldehyde increases with the increase of CUr
ing time in air. 

4. Abrasion losses reach a minimum V61ce (3~) DY 
aadl.nq ~.7 - 6 , Urcn-formllld..,ilyae to sar:d by 
we!qht for al! types of fine or medium sands. The 
abrasion losses may be decreased also by increa
sing air curing time. The ~ame percentage of 
Urea-formaldehyde may decrease the aoil~ty of 
specimens for watec absorption to its rninim~ 
value ( 6\ by waight). 

C.4D 
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