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ABSTRA'CT: BasSI reinfoJ:rcin9� is) a� ne1)ll perspectiVel trend in" th� field of creating imitated 
base optimum construction$ and m�thod$ of reinforcing soft ,  un��inad soils. This pa -
per considSItS3. thB'l problems; of rea;hforcing: bass- by" reinforcihg its; upper part lac at ad 
under' foundation or SD! called 8l contact layex' .. 

11 INTRODUCTION 

Due to the: use of reinforcing elements i,n 
soil tile-' can change·: strong ancl! deformable 
propertieso, increas� balSa stability and 
decrease.' settlementi-. uneVeness of construc
tions. Thg·· aim of these inve's,tigations; is 
to: giv� QIlJalitartive� es;tiination ' tQl unde'r' -
mined bases'. Model investigations; were' 
carr-ie'd' oul; to study the' effect of' hori -
zontaa strains" of reinforced undermined� 
baS91 on th3J change" of base stiff chaxac -
te�istic5. While" modelling an equivalent 
soil hauing strong and deformable' charac
te:oistit:s; can be'" used " as; a. basaJ soil ( si�de 
by side ' with '" natural soil). 

Z' MODEL TES'fS 

Values of cohe"sian " and' a9nl� oJ internal 
fniction can be", used" atSl detemining cha -
racteristicsi in the first approach when 
sels.cting eq�ivglent - materials; of gra -
nula" and' stratifiedi soil" (Zhusupbekov 
and Baytasov 1:989) . IYrixture" consis;ting of 
9'/!f,' of fine" quartz sand and Jf, of spindlSl 
oil (by weight) is; used as) soil base model 
material. I t  is possible to model cQhesive� 
soils"' due to cohe:sion of these' materials .. 
They are ailso suitable beca1.lsa creep stra!"'"'" 
ins; damp rapidly after applying next in 
turn step of load. Phy sical and mechanica·1 
characteristics of na±.ural soil(Karaganda. 
loam) and' 9"q1Jivalent material a,rB! shown in 
Table" 1" .  A. model and natural foundation 
linear scaile determined by eq�ivalent rna ..... 
teria'l and loam strong pImpertles; 4cohe"si
on) rela±ion is e�al to 1 : 40. 
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Table 1, . Physical ancl! mechanical characte
ristics. 

Materiel 'I, c ,  'P, E, " 
• 

mf soil kN/m� kPa degree r''lPa 

La.am ZIT 40 22 20' 0.3 
Equivalent 
soil 17 0".9 33 2.6" 0.75 

Model experiments aTe carried out on a vo
luminous: stanm! which makes: it possible to 
set hori.ontal strains to soil base. The 
stand for modelling building undermined 
bass! strains is presented by a' tray fixed 
on the supporting frame. A tra.y consists 
of four movable side! td8'11s" and bottom 
which aTe not connected .. Movable side walls 
are presentem' by v�rtical elements(chan -
nel"" connected' through rubber' layings by 
bolted" connections. B ottom is presented by 
channels; layed horizontally on frame" and 
coverect! by whole- flexible sheet on whibh 
steel plates are fixed on ball supports. 
Channels lower" part is supported by regula
ted stopS) (boltS') which are used for tran
sfe�ring vertical strains� Device of wall 
horizontal displacement is set on frame. 
DByice' consists of regulators" - bolts fi -
xed on frame; plate-s which can easily move" 
along supporting frame. Plates ara connec
ted with corbels where rolls are hung uP. 
S.tancil for modelling building and construc
tion baSE st.rains; is used " in th9' following 
wao/: mod&l ba.se� is layed" in a tray fixed 
on supporting frame by the way described 



a;) 

b) 

Fig . "  Diagram of voluminous stand for 
modelling underminecf ba\Se) strainss : 
aI) top view; b) sima vie .. ' 

below. Horizontal stra'ins are set by con -
secutive di splacement of four uallSl of al 
tray by �device' of wall horizontal displa
cement" regulatorsl -' bolts; and bolts cau
sing vertica1 elements; (channels) displa-· 
cement of tray_' two malls. Uniformity of 
model base; soil straining is; achieved. 
Undermined base verticalL strains· are' set 
on the stand by regulating bolts provi --

_ ding rise of any channel olf tray bottom. 
5tandart measures of a stand a�e 
1:2'20 x 1220 x 1, 3'20' mm (Figure 1 ) ;  working 
volume· of at tray is> 0 .. 4" m • 
Imitation of undexmined ba·s8 strain wit -
hin the limits: relative horizontal 
strains: 0 � E. ..::!G 0.02; curvature with 
r,,_dius -4km� R � 4 km . 

2 .1 Testing programme 

nodal soil (taken as e<qi!ivalent to natu -
ral ) is layed- on the- foll"",ing way: 

1 .  M'odel soil is made eVen by a special 

720 

A 

Fig. 2' Diagram of determining strained! ��l 
surface' displacement by tensiometers: 

1 )  underminerl' balSe; z) opticai lensB; 
3J screen; 4) soil channel as; an electri
cai lamp 

device ,( to make soil surface a horizon -
tai plaine) ; 

2. !'loTilel soil is lay-ed in the- stand by 
layers 35'- mm thick; 

�. Even soil layer is rolled through 
rubber bed' by " hea-vy roller (fifty full 
cycles of rolling are carris'd out to pack 
each layer) . 

Control of reqUired quantity of soil 
compaction - determination of volum� 
weight_ by metho� of cutting ring - is car
ried out periodically and between experi
ments:. Exact control of model base strains 
plays an important role' ZhusUpbekov 1991). 
O ptical tensiometer-s are used to measure 
strains:. 

2' . 2  Optical tensiometers construction 

Special tiny lamps on I:IJ'ire pillars are de
epened into soil a'long profile line on mo
del base, (Figure 2) . To determine lamps 
displacement. � project their lightening 
filaments{through lenses of the optical 
system fi�d on rigid frame to stand) en 
the, vertical screen located- at a distance 
of 2 m from the:: lensE;ls. 

C&lculated' maximum displacement of lamps 



to Smm/m does nok exceed 0.01 mm and at 
th� value from S" mm/m to 12 rnm/� does not 
exes'sd! a:'3%" of the' msa:sured: value of rna -
del pointm displacement. Optical tensiome
ter increa':ge is propotional to the distan
ce up to the screen and is determined by 
eqJ,Jation: 

a� =- ( 1 ) 

where a. - displacement of an electric lamp 
(. a soil channel ) ;  Ii is displacement of.  
filament pr�jection on the screen; 1 is 
dis::t"anc9', from an electric lamp to a lanse; 
L is distance frqm a lense to a screen; 
f is; focus; dist'ance of lanse =- 50' mm. 

The" dia'9ram of determining' base' surface 
displacement by soil channels (�lectric 
lamps) is·. shown in Figure 2. 
I t should· be· noted that lamp displacement 
va>lus" i�' limi tea by fGkUs: ciistanc81 and! ist 
di3fined' by e"l"aJtion: 

a·� a:. 2Sf , ( 2 ) 

where. a! is displacement of an electric 
lamp; F is '. focus: distance- of a ·lensa =SOmm. 

2·.� Test procedure 

�n attempt of q�alitative estimation of 
reinforced! baBES; bearing capacity ( wd:th 
soil different sa±ura�ion by reinforcing 
elements;) with setting: horizontal st'rains' 
and! without· them was; marle' d1.lring these 
mODel invastigationsJ. Reinforcing material 
\!Jas ·· emery pape'r as a;) strips; 10' mm wide: 
an& 1 =. 2B � 100 mm long, where' 8 is quad� 
ratic stamp width; b) �uadratic sheets si
de b =. 28 = 100 mm. 

I solated foundations models we-re wooden 
stamp$ 50 x sa � 20 mm �hich were layed on 
soil model surface. 5.tamps settlement was 
meast.nred' by 6 PA'D Ay siov flexometer. 

stamps were statically loaded". Transfer 
from one step of loaldl to anothe·r was car -
ried out after q�adratic stamp relative 
stabilization chaxacterized by displacement' 
difference no more than 0 .01 mm for last 
15 min obse·!"ving. 

Model investigations llfere carried out in 
the following way: 

1 .  I nvestigation of isolated stamp rna -
dels wa. thout horizontal strains: GO 

2. Investigation of isolated stamp models 
at setting horizontal strains. 

A·t first stamps were loaded with and wit
hout reinforcement up to ultimate load by 
the way shol&ln in Figure' 3 .  
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Fig. 3". Oia-gram of reinforcement by strips 
and' net reinforcement': 

a�) single - layered reinforcement; 
b) two -. layered reinforcement; 
c) net r�inforcernent 

A.pplied "load - settlement" diagrams were' 
drawn on the basis; of obtained data� Then 
investigations' of stamp models with set -
ting relative" horiZ'ontal strad.ns, e :::. 0'.003"; 
0.006 ; 0.009.: for- loooeal stamp's; W9ll'SO car -
riedl out. 

3 HI VE5TIGATION RE5UL T5 

ltA'pplied' load' -. settlement" diffi:]rams at 
carrespond.i,.ng v8l1.ue' Il.fe're: dra'wn on th9.! 
basis of obtained daia;. When q;Jadrate cells, 
of reinforcing set are measuring 3x3 O� 
7-'x7 , strips.; .are 1.0' mm wide and 1 00 mm long 
investigations hawe snown thalt quadrate 
ce:l.ls in reinforcing net:, shOUld' be! less. 
than stamps� rauius in order to increa� 
base bearing .capacity. 8ase · strain$ decre!"'" 
aSB' 1 .5 - 2 times and bearing capacity in-· 
creases 2>.5 - 3' times: due to reinfor -
cing ( Figure 4; 5;  6. ) • 

ThB� quantity of reinforcement in sDil 
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fig. � Diagram of load' - settlement wit -
hout reinforcement by horizontaa strains: 
, )  € = 0; 2) t: = 0 . 003'; 3) E.= 0 . 006; 
4') e = 0 . 009 

r.. 0 l' � '-' 1 � \!"I � 2  
� 3 
ffi 

LOAD (N) 
2 4 5 6 ? 

Fig. 5 Diagram of loa� - settlement ��th 
s,inQle" - layered rei.nforcement by hori -
zonta>l strains 1) e =  0., 2) £ = 0-.009 

fig.6 Diagram of load' - se,ttlement with 
two - layered reinforcement by horizontal 
strains: 1 )  E = I!I; 2) e = 0 . 009 

more' effect� b�ing ca�acity than bas� 
strain ( ' , figure ? ) .  

4 CONCL USIONS 

The' results of experiments ca·rried out on 
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fig.? Diagram of load - settlement Mith 
net reinforcement by' horizontal strains; 
1 )  e = a; 2) E = 0 . 0@9 

reinforce-lJf model bases {while, undermining} 
give> us more' physical idea about their 
work aDd an opportunity to study different 
factors> effect on bearing capacity. Model 
investigations have: shown that the use of 
reinforcing e:lements on undermined' plots 
decreases· consi:derably the effect of soil 
massif horizontal tensile strains on be -
81l'ing capacity and! base straining. 

Correct prognosis; of reinforced bass 
beering capacity plays an important role 
in safe exploitation of building and con 
structions; on undemninerl: tart'i tories-. 
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