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Ab stract
This pa per ad dresses the prob lem of as sess ing the leakproofness of the bot tom of a deep foun da tion trench, se cured by
cav ity wall, us ing geo phys i cal meth ods of elec tri cal re sis tiv ity to mog ra phy. The study was con ducted on a large con -
struc tion pro ject in Lublin, in a place where there are com pli cated soil-wa ter con di tions: the ground wa ter level is
above the pro posed depth of foun da tion trench, the sub soil is het er o ge neous, and there are karsted and weath ered car -
bon ate sed i ments with con fined aqui fer be low the bot tom of the trench. A hy drau lic frac ture oc curred at the bot tom of
the trench dur ing the en gi neer ing works, which caused the wa ter flow into the trench. In or der to rec og nize the
soil-wa ter con di tions the first stage of geo phys i cal mea sure ments of elec tri cal re sis tiv ity to mog ra phy (ERT) was
made. The ap plied meth od ol ogy al lowed to de ter mine the ex tent of the hy drau lic frac ture zone within the bot tom of
foun da tion trench. In or der to as sess the leakproofness of Di a phragm Wall the geo phys i cal ERT mea sure ments were
re peated (stage 2) A clear re duc tion in the value of the elec tri cal re sis tiv ity of soils in the area of hy drau lic frac ture was 
caused by clay in jec tion. The re sults of ERT mea sure ments are dis cussed and graph i cally pre sented.
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IN TRO DUC TION

Geo phys i cal meth ods be gan to be used to solve geo-
tech ni cal prob lems in the ‘60s and ‘70s of the twen ti eth cen -
tury (Keller & Frischknecht 1966, Bogoslovsky & Ogilvy
1977), mainly the seis mic method and the elec tri cal re sis tiv -
ity method. Cur rently non-in va sive geo phys i cal sur veys are
per formed to iden tify soil-wa ter con di tions at the de sign
stage of any large con struc tion pro ject. Geo phys i cal in ves ti -
ga tion can de ter mine or elab o rate on: geo log i cal struc ture
(Keller & Frischknecht, 1966), elas tic soils pa ram e ters and
de gree of con sol i da tion of soils (Foti & Lancellotta, 2003),
iden ti fi ca tion of bur ied tech ni cal in fra struc ture (Jol et al.
2009), shal low cav i ties in rock mass (Martínez-Pagán et al.,
2013), mon i tor ing of the en vi ron ment (Sharma, 2002), hy -
drogeolog i cal con di tions (Kirsch, 2009; Bru net et al., 2010),

risk of land slides pro cesses (Göktürkler et al., 2008; Hack,
2000), haz ards of min ing ar eas (Cham bers et al., 2007) and
many oth ers (e.g. Kowalczyk, Mieszkowski, 2011 and
Barski, Mieszkowski, 2014).

In the case of con struc tion pro jects that are, or will be
sited in com pli cated soil-wa ter con di tions (e.g. shal low
groundwa ter level or the im pact of soils of low bear ing ca -
pac ity) geo phys i cal mon i tor ing is con ducted. Its pur pose is
to con trol the soils be fore and af ter sta bi li za tion works, such
as the seal (in jec tion) of clayey slurry or ce ment ing. Geo -
phys i cal in ves ti ga tions on struc tures of this type are de -
scribed, in the works of Cardarelli et al. (2007), Farooq et al.
(2007), Ramirez et al. (1993), Daily & Ramirez (2000),
Santarato et al. (2011) and Slat er et al. (2000).

The pa per fo cuses on the pre sen ta tion of the meth od ol -
ogy and re sults of geo phys i cal ERT method used to de ter -



mine the hy drau lic frac ture zone at the bot tom of the se lected
foun da tion trench and to con trol the leakproofness of soils in
the bot tom of the trench af ter the sealed works. 

CASE-HIS TORY

In 2012, gi ant of fice and ser vice com plex started to be
built in Lublin (south-east ern part of Po land). The area of
deep ex ca va tion was ap prox i mately 2.5 ha (Fig. 1). Lo ca tion
of the in vest ment is shown in Fig. 2.

Level of the foun da tion plate was de signed at a depth of
ap prox i mately 10 m be low ground sur face (161.2 m above
the sea level). The trench was pro tected by Di a phragm Wall.
At the stage of de sign ing the con struc tion a wide range of
geotechnical and geo log i cal mea sure ments were con ducted
to iden tify the geo log i cal struc ture and to de ter mine the phys -
i cal and me chan i cal pa ram e ters of soils: drillings, static prob -
ing (CPT) and ba sic lab o ra tory tests of soil sam ples col lected
dur ing drill ing. The in ter pre ta tion of the geo log i cal struc ture
was shown in the form of geo log i cal cross-sec tions (Fig. 4) –
the un ex plored rock and soil mass be tween the bore holes was 
in ter po lated. On the ba sis of this in ter pre ta tion it was con -

cluded that the deep en ing of the foun da tion trench and the
per for mance of the bot tom plate will not en coun ter any en vi -
ron men tal dif fi cul ties. In the spring 2013, while dredg ing in
the north-west ern part of the ex ca va tion, the old pre vi ously
un iden ti fied piezometer was dam aged by the ex ca va tor. This
piezometer was used to mon i tor the fis sure wa ter level in
Cre ta ceous sed i ments. Fis sure wa ter level in the Cre ta ceous
sed i ments was un der con sid er able piezometric pres sure: it is
level was drilled ca at 155 m above sea level, while sta bi lized
at ca 166 me ters above sea level and about 5 m above the pro -
jected bot tom of the foun da tion trench. As a re sult of fail ure
the wa ter rap idly be gan to flood the trench. Dam aged piezo-
me ter was sealed quickly, then large em bank ment was piled
high around it to se cure the bot tom of the trench from ex -
pand ing hy drau lic frac ture zone and con tin ued flood ing.
This ac tion has stopped the flow of wa ter for a pe riod of time
but also stopped con struc tion works for sev eral months.

It was de cided that the area of fail ure will be sealed by di -
a phragm wall made of clayey slurry in jec tions. Sche matic
lay out of in jec tion holes around the dam aged piezometer is
shown in Fig. 3. In or der to de ter mine the ex tent of hy drau lic
frac ture zone it was de cided to con duct geo phys i cal mea sure -
ments of sys tem 2D and quasi 3D of elec tri cal re sis tiv ity to -
mog ra phy (study of quasi 3D re sults were gen er ated from 2D 
lines). Af ter clayey slurry in jec tions whithin these zones the
con struc tion works have been com pleted with out ma jor pro-
blems in 2013.

THE GE OL OGY

The ge ol ogy of the in vest ment area was iden ti fied by
drill ing and static prob ing to a depth of ap prox i mately 24 m
(to 148.2 m above sea level). Drill ing and prob ing (in the to -
tal amount of 23) was lo cated mainly around the per im e ter of
the pro jected di a phragm walls (Fig. 4).The geo log i cal pro file 
is (from top): anthropogenic em bank ments (of 4 m thick -
ness), Qua ter nary or ganic soils (of 4 m thick ness), Qua ter -
nary river sands interbedded by al lu vial soils (silty clay and
silt of a thick ness from 3 to 6 m), Neo gene clays and silts (of
9–10 m thick ness) and Cre ta ceous car bon ate rocks. The roof
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Fig. 1. View of the NW part of the foun da tion trench.

Fig. 2. Lo ca tion of the ERT geo phys i cal re search area.

Fig. 3. Sche matic lay out of in jec tion holes around the dam aged
piezometer (area of fail ure).



of Cre ta ceous de pos its is at depth ca 25 m be low ground sur -
face (ca 155 m above sea level).

The floor of the Cre ta ceous rocks wasn’t reached.
There are two aqui fers in this pro file:
– first ground wa ter level, un con fined aqui fer, in Qua ter -

nary river sands, at a depth of 7.5–8 m (ap prox i mately 164 m
above sea level),

– sec ond ground wa ter level, con fined aqui fer, in the
Cre ta ceous rocks, level oc curred at a depth of about 20–22 m
(150–152 m above sea level), while sta bi lized at a depth of
5–6 m (166 m above sea level)

Sim pli fied geo log i cal cross-sec tion in the area of fail ure
is pre sented in Fig. 4. It should be noted that the lo ca tion of
geo log i cal bound aries is al most hor i zon tal, and the dif fer ent
geo log i cal lay ers have a sim i lar thick ness. There were no
ero sion cuts de tected.

THE METH OD OL OGY OF ERT
MEA SURE MENTS

Geo phys i cal mea sure ments of elec tri cal re sis tiv ity to -
mog ra phy (ERT) were con ducted within the foun da tion
trench. Elec tri cal re sis tiv ity to mog ra phy method was de vel -
oped in the late twen ti eth cen tury and is widely de scribed by
many re search ers, for ex am ple by Griffiths & Barker (1993)
and Loke’a (2012). This method was cho sen be cause of the
ex pected con trasts in the elec tri cal re sis tiv ity of soils.

Mea sure ments were car ried out in two stages:
– Stage 1: Ex tent of hy drau lic frac ture zone within the

bot tom of the foun da tion trench was spec i fied.
– Stage 2: Leakproofness of di a phragm wall (clayey

slurry in jec tions) made in the bot tom of the trench (on the ba -
sis of step 1) was spec i fied.
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Fig. 4. Sim pli fied geo log i cal cross-sec tion in the area of fail ure (above) and geo phys i cal pic ture of ERT mea sure ment (be low). Geo phys i -
cal in ves ti ga tions were per formed af ter re mov ing the top layer of em bank ments and or ganic soils.



The lo ca tion of mea sure ment pro files are shown in Fig.  5.
The frac ture zone is sit u ated in the NW part of the trench (Fig. 5).

The mea sure ments were made us ing Terameter LS ap pa -
ra tus (man u fac tured by ABEM , Swe den). The di pole-di pole
ar ray was used. This ar ray was cho sen for two rea sons: firstly 
it gives high den sity of mea sure ment points, sec ondly it al -
lows the use of multi-chan nel mea sure ments. Rel a tively

short time of mea sure ments was very im por tant. In the hy -
drau lic frac ture zone (north-west ern part of the trench) there
was 2 m in ter val be tween elec trodes and a length of mea sur -
ing pro files was lim ited by the length of the foun da tion
trench to the 80 m. Thus the depth of rec og ni tion of dis tri bu -
tion of elec tri cal re sis tiv ity in the sub soil was up to ap prox i -
mately 13–14 m.
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Fig. 5. Doc u men tary map of ERT mea sure ments.



Ad di tional mea sure ments were car ried out in the en tire
trench area to de velop a map of the roof of Neo gene co he sive
de pos its. This soil layer was par tic u larly im por tant, be cause
it pro tects the trench from the con fined aqui fer. Ad di tional

ERT pro files were also made us ing di pole-di pole ar ray, but
the in ter val of the elec trodes was in creased to 3–4 m which
gives a slightly greater depth of pros pect ing.
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Fig. 6. Elec tri cal re sis tiv ity cross-sec tion- stage 1, pro file 14.

Fig. 7. Elec tri cal re sis tiv ity cross-sec tion- stage 2, pro file 14 (Ex pla na tions as Fig. 6).



RE SULTS

RES2Dinv pro gram (Loke, 2012) was used to pro cess
the data re ceived. There are clear con trasts in soils re sis tiv ity
in the area cov ered by the ERT mea sure ments:

– a com plex of river sands interbedded by al lu vial soils
(silty clay and silt) with resistivities above 50 Wm,

– co he sive soils com plex – Neo gene clays and silts with
low resistivities of 5 to 40 Wm,

– hy drau lic frac ture zone within the co he sive soils com -
plex of resitivities from 40 to 70 Wm.

Stage I

ERT mea sure ments al low to clearly iden tify the hy drau -
lic frac ture zone (layer IV – Fig. 6). Re fers to pro file 14, at the 
depth of bot tom of foun da tion trench soils of low re sis tiv ity
dom i nate – co he sive soils of very low per me abil ity. The hy -
drau lic frac ture zone crosses the foun da tion depth in the

40–42 m of pro file length. The value of re sis tiv ity are in -
creased in this zone to 60–80 W m and con trasts to the co he -
sive soils (5–40 Wm).

In the range of 30–32 m and 65–68 m of pro file length
there were also dis tin guished soils of be in creased value of
elec tri cal re sis tiv ity. There are prob a bly sat u rated sands.
Their pres ence in the bot tom of the foun da tion trench may
cause some prob lems dur ing the con struc tion works.

Stage II

ERT mea sure ments showed that di a phragm wall cov -
ered the en tire em bank ment and cohesionless soils founded
in the bot tom of the trench (layer II and the sur face layer of V
– Fig. 6). The re duc tion of the elec tric re sis tiv ity in the area of 
hy drau lic frac ture zone, en tire area of em bank ment and
cohesionless soils in the bot tom of the trench was noted as a
re sults of clayey slurry in jec tions (Fig. 7.).

Clayey di a phragm wall re duced anom aly IV at 30–32 m
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Fig. 8. Cross-sec tion of dif fer ences be tween fig. 6 and fig. 7.



of pro file length, but in creased re sis tiv ity zone at the 65–
68 m of pro file length re mained al most un changed.

The com par i son of the dis tri bu tion of elec tri cal re sis tiv -
ity for stage 1 and stage 2, and re sis tiv ity de crease af ter in jec -
tion works for se lected pro file is pre sented in Fig. 8. Red
color marks the places where there was the great est change in

per cent age value of re sis tiv ity, white color – where there is
the small est change. 

The ef fect of clayey slurry in jec tions is also noted in the
other ERT pro files due to the con trast to the re sis tiv ity of the
cohesionless soil. Sig nif i cant de crease of electical re sis tiv ity
is noted in the lo ca tion of clay injetions (Figs 9, 10) . 
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Fig. 9. Elec tri cal re sis tiv ity cross-sec tion- stage 2, pro file 3.

Fig. 10. Elec tri cal re sis tiv ity cross-sec tion- stage 2, pro file 4.



The map of the roof of low-re sis tiv ity soil

In ter pre ta tion of all the ERT pro files and anal y sis of
bore holes and static probes al lowed to pre pare the map of the
roof of low-re sis tiv ity sed i ments (Fig. 11). Low re sis tiv ity

soil layer cor re sponds to the co he sive soils of very low per -
me abil ity. This layer pro tects the trench from the con fined
aqui fer. The depth of the roof of low-re sis tiv ity layer is vari -
able and it’s rang ing from 152 m to 165 m above sea level.
Two ar eas where the roof of low-re sis tiv ity sed i ments clearly 
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Fig. 11. Map of the roof of low-re sis tiv ity soils (co he sive) made on the ba sis of ERT cross-sec tion and ar chi val bore holes.



de creases were high lighted in Fig. 11. In the area 1 the roof
oc curs at ap prox i mately 155 m above sea level – this is the
place where the hy drau lic frac ture oc curred and the wa ter
flowed to the trench. In the area 2 the roof is ap prox i mately
152 m above sea level, at this area a slight flow of wa ter into
the trench was ob served, but it was man aged to be con trolled
the lo cal dewatering.

CON CLU SIONS

The res o lu tion of pre sented meth od ol ogy of ERT mea -
sure ments was 2 m hor i zon tally, while ver ti cally it was de -
pends on the depth and var ies from 1 m (near the surface) to
2 m (at the bot tom part of the cross-sec tion). 

Due to the ac cu racy of dis tri bu tion in elec tri cal re sis tiv -
ity even mi nor anom a lies, slight vari a tion of li thol ogy, hy -
drogeo log i cal con di tions, anthropogenic de pos its or other
non-doc u mented ef fects of hu man ac tiv ity can be de tected.
Thus more de tailed and re li able de scrip tion of geo log i cal
struc ture and geo log i cal bound aries may be achieved.

The ERT method is rel a tively quick method that en abled
the pre cise non-in va sive iden ti fi ca tion of soil and rock lay ers
in the ar eas of com pli cated ge ol ogy, where the con ven tional
di rect in va sive re search meth ods could not guar an tee the full
rec og ni tion of soil-wa ter con di tions. The in ter pre ta tion of
the un ex plored rock and soil mass be tween the bore holes
may lead to the con struc tion fail ure both at the stage of con -
struc tion works (as in the pre sented ex am ple), but also –
mak ing it even more dan ger ous – at the stage of use the com -
pleted build ing.
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