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New experimental studies of problems of construction on loess soils 

Nouvelles études expérimentales des problèmes de construction sur les loess

M.YU.ABELEV, TsMIPKS, Moscow, USSR 

A.A.MUSTAFAEV, Azerbajan Polytechnic Institute, Baku, USSR 

YU.A.BAGDASAROV, VNIIOSP, Moscow, USSR

SYNOPSIS: The paper presents results of field experimental studies carried out in the U.S.S.E. 
for the past 10 years with regard to different problems of using loess soils as foundations for 
industrial and civil structures. Given are tne results of experimental studies on determining con
tact stresses in the base of foundations under natural humidity and in the course of water satura
tion of foundation loess soils, on determining the variation of strength ana deformation characte
ristics of loess soils in arranging earth piles of big diameter (80—120 cm), experimental studies 
of processes of compaction of loess soils in which there is a great number of easily soluble and 
t t i p H i t t t i soluble salts as well as new n o a t H  n g  methods of estimation of loess soils compaction«

Loess oubuiaent soils constitute more than 15% 
of the U.S.S.B. territory and such soils are 
often used as foundations of industrial and ci
vil structures. The thickness of loess soil 
stratum in the U.S,S.R. varies from a few me
ters to 90 meters in some regions of the Tajik 
S.S.E. Cases are known when deformations and 
failures occurred when buildings had been cons
tructed on loess soils without preliminary com
paction due to watering soils of foundations of 
structures. At present in the U.S.S.E. when con
structing on subsident loess soils it is obli
gatory to compact or to chemically reinforce 
subsident loess soils in foundations of indust
rial ami civil structures.
Methods of surface consolidation of soils 

using heavy compactors of 6-40 tonnes mass thro 
wn down from a height of 7—25 m are employed as 
major methods of compacting loess soils. Besides 
methods of making compact soil coverings up to 
9 m thick are used. Such beds are employed in 
construction on loess soils up to 12 m deep. At 
a large depth of loess subsident soils methods 
of preliminary watering loess soils, watering 
together with an explosion in the depth of loess 
soils (to reduce the time of watering) are used. 
When constructing on loess soils down to 30 m 
deep earth piles are applied.
Experimental ivestigations on further develo

pment of the earth piles method were conducted 
in Kirgiz S.S.E. near the town of Tash-Kumyr 
and in Uzbek S.S.E. near the town of Dzizak. The 
goal of the research was to establish whether it 
was feasible and reasonable to use earth piles 
of big diameter up to 1.2 m and to find out ex
perimentally zones of consolidation occuring 
near such earth piles.

The experimental site near Dzizak had loess 
soils down to 24 m deep with two horizons of 
burial soils 9»5 m and 14.5 m deep. Earth piles 
were done according to the following technology. 
At the place of a future pile a well of 90—130 
mm diameter was punched through the whole depth 
of loess soils. Then charges of explosives (am
monite) were seated in the well. Charges were 
seated every 30-60 cm along the height of the 
well. The mass of each charge varied from 400 g 
to 3.2 kg. Charges were connected with each other

by a detonating cord. The total chain of char
ges was suspended on a metal rod located over 
the well mouth. The top charge was 2-3 m away 
from the earth surface. Then the explosion was 
set off. After the explosion, soil samples were 
taken at different distances round the explosion 
cavity to study soil density, humidity, strength 
and deformation characteristics of soils.
Basing on the experimental results it Vi»s been 

established that it is possible to consolidate 
soils (loess subsident) by the explosion method, 
that round the explosion cavity there forms a 
compacted zone within which loess soils become 
non-subsident when watered. In experimental 
studies in Dzizak it has been found out that 
the diameter of the compacted zone of non-subsi
dent loess soils is 3-4.5 times the diameter of 
the cavity formed by the explosion of extended 
charges. The diameter of that zone appeared to 
be considerably dependent of soils humidity. 
Thus, for instance, with the same mass of explo
sives and for the same location of explosive 
charges in loess soils at a natural humidity of 
7-10% the diameter of the compacted zone was 
by 80 cm less as compared to an explosion of a 
similar charge in the same soils but for a humi
dity 12.1-14.8% and it was by 1.35 cm less at an 
explosion of a similar charge in the same soils 
but for a humidity close to the one at the soil 
plastic limit for such soils. The natural humi
dity was 16.68-19.2%, and the humidity at the 
plastic limit was 19«1-20.9%.

The experimental investigation was carried out 
using solid continuous extended charges BB that 
were lowered into the punched well and in the 
form of interrupted charges which were connected 
by a detonating cord with the same mass of char
ges of explosives in wells as compared with ex
tended charges. The tests have shown that when 
bigger interrupted charges are used the cavity 
diameter, formed by the explosion, is bigger by 
15-25% and the compacted zone of loess soils 
round the explosion cavity enhances.
After the explosion cavities are formed, they 

are filled layer by layer with local loess loam 
at a humidity close to the one at the soil plas
tic limit. The spoil filled the cavity with a 
stratum thickness of 50-60 cm. Then inside the
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filled spoil was consolidated with the help of 
tampers In the form of aircraft bombs up to 
500-700 kg that were thrown from a crane at a 
height of 3-6 in- To achieve the bulk mass of 
the soil skeleton of 1 .6 5 g/cmJ the tampers had 
to be thrown 7 -12 times on each stratum.
Such a technology enabled the researchers to 

arrange earth piles - posts of 80-120 cm dia
meter and up to the length of 21 m in a large 
depth of loess subsident soils. Those earth 
posts out of compacted loess subsident soil 
were then used for locating on the compacted 
zones supports for feed trays by which water is 
brought for irrigation of fields in Golodnaya 
and Dzizak steppe of the Uzbek S.S.R. The six 
year experience of running the supports on earth 
piles shows that the earth piles arranged in 
accordance with that technique are a safe foun
dation for supports for feed tray system in 
loess soils of a large depth.
Experimental investigations were fulfilled 

also on the construction site of the town of 
Tash-Kumyr. BuildingB were constructed on loess 
soils 14—18 m deep. The initial value of the 
bulk mass of the soil skeleton varied within 
the range of 1.39-1.46 g/cm3, humidity was 5-5
- 9.4%. Earth piles on the construction site 
were done also by means of explosion similar to 
the above experimental studies. Unlike the tests 
conducted prviously, in that case the explosion 
was produced not in single wells, but simulta
neously in 16 ( 1st experiment), in 24 (2nd 
experiment) and in 66 (3rd experiment) wells.
The distance between earth piles was assumed 
from 1 .6  m to 3 .6 m from centre to centre of 
earth piles. The tests were conducted in con
formity with the following technology. Wells of 
127 mm diameter were punched to the total depth 
of subsident loess soils. Then the wells were 
filled with water to increase the humidity of 
soils round the wells. The time of moistening 
in different experiments was different from 
24 hours to 8 days. Water was supplied directly 
into wells and its level was kept by means of 
automatic devices. After watering soils, explo
sions of extended interrupted charges were tri
ggered. Ammonite was used as an explosive (6ZhV).
Quite unexpected phenomena were found out 

during those tests. Thus, for instance, when 
locating wells for earth piles, in whioh explo
sion was set off at a distance of 1 .6  m between 
the centres of piles, the soil surface lowered 
by 165 cm. Apparently, that can be attributed 
to the fact that under a simultaneous explosion 
the resulting blast wave has consolidated loess 
soils in the vertical direction. In the soil 
mass in the most far-off places from the explo
sion front the bulk mass of the soil skeleton 
varied from 1.61 to 1.82 g/cm3. It is absolute
ly clear that with such a magnitude of density 
of soils they become completely non-subsident 
on watering end present a safe foundation. 
Strength and deformation characteristics of 
compacted loess soils round the explosion ca
vities where earth piles are located, rise sig
nificantly. Thus, for instance, if loess soils 
of natural origin with complete water satura
tion were characterized by the magnitude of the 
total deformation modulus equal to 6.6-9.4 MPa, 
then aft=r consolidation of soils by explosions 
the magnitude of the total deformation modulus 
for specimens of water-saturated soil was equal 
to 18.3-24.6 MPa. The inner friction angle for 
water-saturated specimens of soils of natural 
origin was 16 -18 , and cohesion was 0.02-0.03

MPa, but after soil consolidation strength cha
racteristics of water-saturated specimens were 
as follows:the inner friction angle - 2 1°-250, 
the cohesion value - 0.03-0.05 MPa. The filtra
tion coefficient of loess soils diminished sig
nificantly both in the horizontal and vertical 
directions. Thus, before consolidation the fil
tration coefficient of loess loams of the expe
rimental site was equal to (2.1-9.2)*10“ 5 Cm/s, 
after consolidation the filtration coefficient 
became equal to (4.7 - 8.2)*10~" cm/s.
Earth piles of 80-90 cm diameter were arran

ged in the foundation of 5—storey panel apart
ment houses on the same site and for 2 years 
buildings are run normally despite the watering 
of soils.
One of the economical methods of arranging 

foundations on subsident soils is to do founda
tions in tamped pits. The essence of the method 
consists of the following. Pits for foundations 
are not excavated but are tamped out to the de
sired depth (2 ... 5 i) by a tamper having the 
form and size of the future foundation which is 
thrown along a guiding rod to one and the same 
place from a height of 3 ... 15 m. The tamped 
pits axe filled with concrete up to the outward 
pressure. In the process of tamping out pits 
soils consolidate and when some rigid material 
(crushed stone, gravel, slag, etc.) is pressed 
into the bottom of the pit creating a spread 
that increases significantly the load-bearing 
capacity of the foundation footing.Figure 1 
gives the statistical relationship of the load- 
bearing capacity of foundations in tamped out 
pits tested under a statistical loading with a 
vertical weight in loess-like subsident jsand 
loam and loam in different regions of the 
country. Pits were tamped out by tampers in the

K k K

Figure 1. Relationship of conditional load- 
bearing capacity (N) of foundations in tamped 
out pits versus the bulk of broken stone in the 
spread(V-br)

form of a truncated hexahedral pyramid of 4 ...
5 tonnes mass, 2 ... 2 .5 m high, the diameter 
of the circumscribed circle in the upper section 
was 0.8 ... 1 m, in the lower section - 0.6...
0.8 m. The tests were carried out under condi
tions of complete water saturation of soils.
The load on the foundation corresponding to its 
stabilized settlement of 30 mm was assumed as 
the conditional load-bearing capacity.
As can be seen from the plot presented the 

load-bearing capacity of the foundation footing 
rises with the rise in the bulk of the tamped 
in broken stone from 300 to 1400 kN and for the 
bulk of the tamped in broken stone of 2 ... 2 .5  
m3 a further increase in its bulk for such type
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of tamping will not, probably, result in consi
derable increase in the load-bearing capacity of 
foundation footing (the largest load-bearing ca
pacity per 1 m3 of the foundation material is 
900... 1000 kN).
The relationship of the load-bearing capacity 

(N) versus the volume (V̂ p) of the tamped in 
broken stone into the footing spread is of a 
curvilinear pattern and can be approximated 
(correlation factor of 0.867):

N = N0 + aVbr + bV§r

where: N0= 488 kN; a = 870 kN/m3; b =-211 kN/m6
The energy (E) spent on tamping out pits and 

tamping in rigid material into the spread is a 
generalized parameter of the load-bearing capa
city of foundations, the test results given 
above, and can be approximated by the equation 
of type (correlation factor 0.95):

N = N0 + aE + bE2

where: N0= 0 .17 5 ffl| a = 1 .1 0 7 jjjl b=-0.0017 4 ^ 2

That relationship is written for foundations 
tamped out in soils with a humidity close to 
the optimal one.
The use of tampers of 10 and 20 tonnes mass 

enables a sizeable increase of the load-bearing 
capacity of foundations, mainly, due to the in
crease of volumes of the tamped in rigid mate
rial.
Figure 2 shows a relationship of settlements 

of test foundations under a load achieved by 
tamping out pits by a tamper of 20 tonnes with 
tamping in broken stone into the spread 3 . 5 - ^  

in volume (Curve 1), 3*0 m3 (Curve 2), 20 mJ 
(Curve 3). The depth of tamping out was 2.5s 
3.5 and 5>0 « respectively.

Figure 2. Relationship of settlement (S) versus 
load (Fv) for foundations in pits tamped out 
by a tamper of 20 tonnes mass; 1-depth of tam
ping is 2 .5 m, bulk of broken stone is 3*5 m3; 
2-the same 3*5 m, 3.0m3; 3- the same 5 .0 m,
20 m3.

The tamper had a form of a truncated cone 5m 
high, the diameter of the upper base was 1 .5  m, 
that of the lower one was 1 .3  m.
At a settlement of 30 mm the conditioned load 

bearing capacity of foundations was 1.9» 2.4|
6 .2  MN respectively and depended upon to a great 
extent the hulk of the broken stone tamped in.

The distribution, of density of dry soil in 
the earth mass round the pit tamped out by a 
tamper of 20 tonnes was determined by means of 
special wells for investigations by radiation 
logging (Figure 3)

C-t C-2 C-3 C-4C-5 C-6

Figure 3.Distribution of density of dry soil 
in the soil mass round the tamped out pit. 1 - 
C-1...C-6 are logging well;2 - tamped out pit;
3 - spread out of broken stone; 4 - compacted 
zone A/>1 o6 tonnes/m3; 5 - magnitude of dry 
soil density.

With the bulk of the broken stone 20 m3 tam
ped into the footing spread of the pit the ge
neral depth of consolidation (from the bottom 
of the tamped pit) was 8.6...8 ,8 or 6 .5 dia
meters of the lower section of the tamper (d®) 
and 13 .8 m from the earth surface.
The consolidation zone has a maximum diameter 

equal to 6.8 (5*2 de) at a depth of 5 .5 m from 
the pit bottom.
Such a considerable depth of consolidation 

when using tampers of 20 tonnes enables the 
use of a technology of tamping pits for arran
ging continuous compacted beds for plate foun
dations of buildings. In this case the pit is 
filled, consolidation being implemented by the 
samev tamper, with local clay spoil or rigid 
material, in plan the pits being located so 
that the compacted zones overlap. The soil be
tween the pits is then compacted by the same 
tamper or by surface consolidation.
The arrangement of solid compacted beds of 

a sizeable thickness (8...14 m) under slab 
foundations makes it possible to significantly 
reduce settlements of soils and listing of 
buildings at the most unfavourable location of 
watering sources when subsident properties of 
soils are eliminated only in the upper part 
of the subsident thickness.
Figure 4 shows the relationship of settle

ments and listings of buildings on subsident
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soils versus the location of watering source 
end thickness of the compacted earth bed. The 
building is looated on the slab foundation 18x 
28 i in plan, with pressure being transmitted 
to the foundation of 0.25 MPa. The magnitude 
of the subsident thickness is 15 The settle
ment of soils due to the dead weight in watering 
is 0,20 m, under the pressure of 0.3 MPa -0,65m. 
The location of the watering source axis at a 
distance of 20 m from the building axis is most 
unfavourable for occurence of listings of buil
dings. With the increase of the thickness of 
the compacted earth bed from 2 to 10 m listings 
of buildings reduce from 0 .0 115 to 0.0048, and 
settlements - from 550 to 300 m.

Di-itance êelwten cucei of 
M e anei urtteunt

io w u e , m  *

JAitm n&a o f  ¿ ¿ e  comported. 

iitcU u m  f m

Figure 4. Relationship of settlements and list
ings of slab foundation versus the distance 
between axes of the building and watering 
source with the thickness of the compacted stra
tum 1 - 2 m; 2 - 6 m; 3 - 10 m; 
b - relationship of settlements and listings of 
buildings versus the thickness of the compacted 
stratum.

The employment of piles foundations in sub
sident soils with a settlement due to the dead 
weight greater than 20 cm results in an abrupt 
rise in theix cost since negative friction for
ces developing during the soils subsidence axe 
quite considerable in magnitude (0.3.•.0.5kU/m2J 
and talcing them into .account reduces sharply 
(by 1/2... 1/4) the permissible load on piles, 
it is therefore necessary to embed pile6 into 
strong underlying soils which, sis a rule are 
at a depth of 3 5 .. .5 0  m.
The use of piles foundations in soils with 

eliminated by preliminary watering subsidence 
is of certain interest. The behaviour of pre
cast piles was studied by VNIIOSP on a test 
ground in the Northern Caucasus. Loess-like 
subsident loams of hard and semi-hard consisten
cy are found to a depth of 19 m.
Under these soils there are non-subsident 

water-saturated loams (the level of underground

waters at a depth of 20 m) of a semi-hard and 
tight plastic consistency to a depth of 23 m, 
lower go loams of soft-plastic and flow-plastic 
consistency to the investigated depth of 28.5 m. 
Subsidence of soils due to the dead weight on 
watering according to laboratory measurements 
of relative subsidence-ability is 40„,.65 cm, 
under such conditions of soils it is not reaso
nable to employ piles foundations because of 
the big magnitude of the subsident depth and 
loads due to negative friction forces (which is 
800 kN according to the estimated evaluations) 
and because of the absence of strong layer of 
soils at the investigated depth. It was there 
fore decided to forsee consolidation of subsi
dent soils by preliminary watering with subse
quent cutting of the upper layer by precast 
piles 12 m long. In this case negative friction 
forces are eliminated completely.
Before watering 3 pilot reinforced concrete 

piles 0.35 x 0.35 m in section, 12 m long, were 
driven. Settlements of those piles without loa
ding as a result of subsidence of soils on wa
tering were 51,64 and 34 cm respectively and 
appeared to be close by value to the subsidence 
of the soil surface.
After finishing the watering of soils and 

stabilization of subsidence near Pile 161 two 
more piles Nil a and NS1b of similar size were 
driven. Then piles were tested under a static 
pressing-in load, Piles 1a and 1b being tested 
in 30 days after driving them after respective 
"rest". Footings of the test piles were watered 
additionally.
Figure 5 shows a relationship of settlements 

of piles under a pressing-in vertical load, 
from which it follows that the load-bearing ca
pacity of Piles Nil, 1a and 1b, corresponding to 
a settlement of 16 mm, is 720; 410 and 500 kN

Figure 5. Plots of relationship of settlements 
fS) of piles versus pressing-in vertical load 
(Fv) 1-the pile driven before watering; 1a,1b 
are piles driven after watering.

respectively,i.e. the load-bearing capacity of 
Piles Nil and 1b,driven after watering, was less 
by a factor of 1.4... 1.8 than that of Pile Nil
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driven before watering.
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