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Settlement of Loaded Loess during its Silication

Tassement de Loess Chargé pendant sa Silicatisation

W. WENKOW

Engineering, Sofia, Bulgaria

SYNOPSIS
struotural safety of the buildings.

Professor of Soil Mechanics and Foundation Engineering, Higher Institute of Architecture and Civil

Congiderable settlement results when the oollapsable soll under existing bulldings
is strengthened by injeoting water glass (siliocation).

This can cause fissuring and reduces the

In order to avold this, a simple oaloulation method 1s pro-

posed, based on the relation between settlement and vertical stress, between settlement and quan-
tity of injeoted water glass, between settlement and time elapsed, on the inorease of the oube
strength with time, as well as on the stiffness of the bearing structure of the building. The
method 1s applied successfully in the strengthening of collapsable loess under a number of oul-

tural monuments in Bulgaria.

INTRODUCTION

The appllcation of silication for the streng-
thening of collapsable loess under exlsting
bulldings dates as back as 1944 (Askalonov).
The injectlon of water glass in the loess
however oauses its partial collapse, whereby
buildings with older structures (except reln~
foroed conorete) may settle unevenly and be-
come oracked. This settlement can be avolded
if the injection is oonducted in a oertain
order, namely in sections of a glven length,
at a glven spacing and after a given tlime.

STUDIES REQUIRED

In order to determine the sequence of injec-
tion, it 1s neocessary to conduct the follow-
ing laboratory tests on undisturbed loess
samples with the standard oedometer.

(1) Evaluation of the ocoefficient of ool-
lapse 6, under different vertioal

stresses and different quantities of in-

jeoted water glass (with ¢ = 11.3 kN/m;)
as part of the porosity o (Fig. 1)

(i11) Evaluation of the relation between
settlement after collapse and time
(Fig. 2)

(111) Evaluation of the settlement curve of
the natural loess (Fig. 3)

(iv) Evaluation of the oube strength of
samples silioated with different quan-
tities of water glass with relation %o
the time after silioation (Fig. 4).

CAICULATION MODEL FOR STRIP FOUNDATIONS
The vertlioal stresses in the loess due to ac-
tual loading p, are caloulated (Fig. 5). The

aotive zone of ocollapse due to injeation with
water glass 1s adopted to the depth of 6; =

:50 kPa, sinoe further deeper 60 is very smell
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Fig. 1. Coefficlent of relative ocollapse
for varlous quantities of water glass.
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Fig. 2. Time-settlement relation for various
vertiocal stresses 6z

The aotive zone 1s di-
The total

and may be neglected.
vided in three or four intervals.
collapse

4h, =zh':|.6<: 0
1s calculated for different quantities of water
glass (0.5 n, 0.6 n and 0.7 n), whereby 6 o is

evaluated after Fig. 1. If the settlement
Ahh 13 admissible for the building, no further
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Fig., 4. Increase of the uniaxial strength of

silioated loess q in the course of time for
various quantities of water glass.

Fige 5. Simplified calculation model for strip
foundations.

technioal measures are required. If however
{hetcollapse is inadmissible we have to eva-
uate:

(1) The possibility of the strip foundation
and possibly of the struocture above it
to transfer the loads aoting on the in-
Joeoted seotion, of a length 10, sidewards
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Fig. 6. Silication under a singly foundation.

to a seotion of the natural loess, of
a length 1 (Fig. 5), p, + A p being

smaller than Padn for loess.

(i1) The settlement of the natural loess
within the interval 1, due to the addl-
tional loading A p (Fig. 3)

Oh =X hAS,, (2)
which, after varying 1, 1l and A p ocan

be fit into the limits of the settlement
admissgible for the struoture.

The time necessary to obtain the
strength required in the seotion of
siliocated loeas 1° to make it able to

ocarry agaln its load (Fige. 4) and the
time after whioh no oonsiderable addi-
tional settlement (Fig. 2) of the sili-
oated loess may ooour,

(1141)

CAICULATION MODEL FOR PAD FOUNDATIONS

The total collapse A h° is also calculated af-

ter formula (1). If the collapse 13 inadmis-
sible we have to oalculate:

L The capacity of the foundation base to
resist the increased soil reaotion
P, +OP resulting from the partial in-

jeotion I of the subgrade (Fig. 6).

(11) The settlement of the natural loess due
to its additional loading A p after the
formula (2) and Fig. 3, whioh has to be
smaller than the admissible for the
struoture. This is achieved again by
reducing the number of injeoatlons in
zone I or by relieving the column by
slide propping.

(111) The time neocessary to obtain the
strength required in the seotion of
gllicated loess I (after Fig. 4) and the
additional settlement (after Fig. 2).

EVALUATION OF THE WATER GLASS QUANTITY

It is established (Askalonov) that the optimum

density of the injeotion solution is 1.3 kN/
The water glass quantity required to streng-

then 1 m’ of collapsable loess is ev%%:agid 1
after Fig. 1, 2 and 4, depen on na

loess stgeng%h requiréd agd on the avallable

time to operate.



