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Ab stract
This study aims to fa cil i tate vi sual in ter pre ta tion of the photo doc u men ta tion data by eval u a tion of the 3D model of the 
Step Pyr a mid of Djoser us ing MicroStation V8i soft ware. The in te gra tion of the data into the 3D model al lowed to
make num ber of con clu sions re gard ing the struc ture of the Step Pyr a mid, po ten tial threats to its sta bil ity, stone ma te -
rial used for the con struc tion of the pyr a mid and dif fer ences in qual ity of the mor tar ap plied. The re sults of this study
de note high po ten tial of this meth od ol ogy for its ap pli ca tion in pre lim i nary stud ies of stone mon u ments on Memphite
ne crop o lis area to con trib ute the elab o ra tion of fu ture pres er va tion and con ser va tion strat egy.
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IN TRO DUC TION

All stone mon u ments, ir re spec tive of the build ing ma te -
rial and its ini tial qual ity, are ex posed to the en vi ron men tal
im pact af fect ing their state of pres er va tion. Gen er ally, stone
mon u ment stud ies are aim ing to de ter mine po ten tial threats
and to fa cil i tate the elab o ra tion of ap pro pri ate mon u ment
con ser va tion strat egy. Most of the ex ist ing weath er ing as -
sess ment meth ods and clas si fi ca tions are time con sum ing,
ex pen sive and re quire di rect con tact with the sur face for ap -
pli ca tion of in stru men tal in ves ti ga tions or to take sam ples for 
anal y sis. How ever, these meth ods can be ad justed and de vel -
oped as non-de struc tive by cre at ing cus tom clas si fi ca tion of
weath er ing forms and their in ten si ties us ing de tailed mon u -
ment photo doc u men ta tion data.

MA TE RI ALS AND METH ODS

This study is based on de tailed pho to graphic doc u men ta -
tion of the Step Pyr a mid car ried out re peat edly dur ing 2005–
2011. The im ages ac quired were pro cessed and in te grated
into the geospatial model of the pyr a mid (Seglins et al.,
2011) for fur ther anal y sis and in ter pre ta tion. The pro cess ing
of the data and cre ation of photo mo saic was per formed man -
u ally, thus en sur ing high pre ci sion and qual ity of im ages se -
lected from the elec tronic ar chive of pho to graphic documen-
tation (more than 3500 high res o lu tion im ages), which for-
med the main data ar ray (Fig. 1). The elab o rated layer of pho -
to graphic doc u men ta tion cov ered the ex posed sur face of all
four fa cades of the pyr a mid and by the means of Mi croSta -
tion V8i soft ware en abled us to per form in ter pre ta tion of
each point of the pyr a mid’s fa cade with 2 mm pre ci sion. In
the cur rent study, this was the ba sic in for ma tion layer, which

was fur ther in ter preted, mod i fied and sup ple mented with
other in for ma tion lay ers con tain ing the data al low ing us to
in te grate this in for ma tion into the 3D model.

The pri or i ties of the study of the data reg is tered in the
ver sa tile pho to graphic doc u men ta tion were set ac cord ing to
the dam ages of the pyr a mid’s struc ture mac ro scop i cally
iden ti fied in situ. Such dam ages are cracks and faults vis i ble
on the fa cades of the pyr a mid, dam ages of the ex posed sur -
faces of stone ma te rial (fur ther re ferred as weath er ing) and
loss of bind ing ma te rial. Other types of dam ages, in clud ing
those ac cru ing from ear lier con ser va tion and res to ra tion works,
were iden ti fied too. How ever, their im por tance in re spect to
the gen eral sta bil ity of the mon u ment is less sig nif i cant.

To di ag nose var i ous weath er ing types and their in ten si -
ties sev eral stud ies were per formed in the an cient mon u -
ments of Saqqara and Giza pla teaus, in Dahshur and Old
Cairo. Ad di tional com par a tive stud ies were car ried out on ar -
eas pre vi ously stud ied by Bernd Fitzner, ap ply ing in stru men -
tal meth ods for iden ti fi ca tion of phys i cal and me chan i cal
prop er ties of weath ered stone ma te rial (Fitzner et al., 2002).
In these par tic u lar ar eas, stud ied by B. Fitzner, com par a tive
tests were per formed aim ing to cor re late the data ob tained by
in stru men tal mea sure ments with the data ob tained from the
anal y sis of photo doc u men ta tion (Kukela & Seglins, 2011).
How ever, in or der to approbate and ad just this meth od ol ogy
to make it ap pli ca ble in Saqqara, some ad di tional clas si fi ca -
tions for de tailed anal y sis in sev eral par tic u lar sam ple ar eas
were de vel oped. An ex am ple of such de tailed stone ma te rial
weath er ing map is shown be low (Fig. 2). The re sults of this ad -
just ment al lowed us to de velop and approbate the scale of
stone ma te rial weath er ing and its in ten sity di ag no sis which
was fur ther ap plied in the stud ies of the fa cades of the Step
Pyr a mid.



To as sess the ex posed sur face of stone ma te rial in all the
fa cades of the Step Pyr a mid, af ter nu mer ous ap pro ba tions
and ad just ments, a sin gle uni fied cat a logue was de vel oped
and ap plied (Kukela & Seglins, 2012). This cat a logue in -
cluded three the most wide spread weath er ing types (round -
ing, sur face de tach ment and loss of stone ma te rial) and each
of these weath er ing types were given the as sign ment of five
de grees of in ten sity, mea sur ing from 0 to 4. Ap ply ing the

afore men tioned stone ma te rial weath er ing clas si fi ca tion, the
photo doc u men ta tion in for ma tion layer in te grated into the
geospatial model of the Step Pyr a mid was ana lysed man u -
ally, iden ti fy ing weath er ing types and their in ten si ties on all
four fa cades of the pyr a mid (al to gether 11938 m2) with the
de gree of de tailed elab o ra tion of 0.25 cm2. The pre ci sion of
the at tach ment of study area to the 3D model was in the range
of 0.5 m2. How ever, the ap pli ca tion of such cat a logue is not
al ways un equiv o cal, more over in case if the qual ity of photo
doc u men ta tion is rather low and an op tion to ver ify the wea-
thering types and their in ten si ties on site is not avail able.

RE SULTS

By an a lyz ing pho to graphic data ob tained start ing from
the year 2005, three main stone ma te rial weath er ing forms
and five weath er ing in ten si ties were iden ti fied on all four fa -
cades of the Step Pyr a mid and fur ther de picted on the geo-
spa tial model of the pyr a mid (Fig. 3). Par tic u lar weath er ing
forms were set as the main fea tures, but weath er ing in ten si -
ties – as sup ple ment ing ones.

Grey and yel low ish grey lay ers of sandy lime stone of the
Saqqara pla teau, formed by Mid dle Eocene Mokkatam For -
ma tion as lay ered and rhyth mic lime rocks at shal low sea
con di tions is the main build ing ma te rial in this area that has
been used in con struc tion of the ne crop o lis. The stone ma te -
rial, mostly lime stone with dif fer ent ad mix ture of sand and
clay (Klemm & Klemm, 2010), af fected by round ing is me -
chan i cally du ra ble, but the edges of the stone blocks were
rounded due to wind car ried sand par ti cles. The stone ma te -
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Fig. 1. Sche matic de pic tion of man age ment of the photo doc u -
men ta tion.

Fig. 2. Weath er ing in ten sity map. The frag ment of the Step Pyr a mid’s south ern fa cade.



rial af fected by sur face de tach ment weath er ing type is less
du ra ble, lower qual ity, but still vi su ally sim i lar to other stone
blocks. The rest of the blocks, whose sur face weath er ing was
ac cessed, in di cate the loss of stone ma te rial. Ini tially, these
blocks had in ner cracks, which were not iden ti fied while
choos ing this build ing ma te rial; there fore the block frag -
ments are crum bling. Such vi su al iza tion of data pro vides sig -
nif i cant in for ma tion about the dam ages of the pyr a mid’s
fa cades, the vol ume of nec es sary ren o va tion work and the
state of its ur gency.

The re sults of vi sual anal y sis dem on strate that none of
the weath er ing types or their in ten si ties is pre dom i nant on
any of the fa cades of the pyr a mid. Sim i larly, any par tic u lar
weath er ing type or in ten sity can not be at tested to any par tic -
u lar step of the pyr a mid. This state ment is also con firmed by
sta tis ti cal anal y sis (Ta ble 1), which is an ad di tional op tion re -
sult ing from the in te gra tion of the data into the geospatial
model.

Re gard less of the com pli cated dis tri bu tion of dif fer ent
weath er ing types on the pyr a mid fa cades, the to tal area af -
fected by weath er ing var ies. On the south ern fa cade of the
pyr a mid sur face the de tach ment and loss of stone ma te rial of
the ex posed stone blocks have af fected 49.78% (1709.70 m2) 
of the sur face. On the prox i mal east ern fa cade these weath er -
ing types af fected 50.36% (1213.30 m2); on the west ern fa -
cade – 39.96% (1145.74 m2) and on the north ern fa cade –
58.69% (1893.77 m2). On the other hand, a rather com mon
weath er ing type ex pressed by round ing is spread quite evenly
and the ar eas af fected by this type of weath er ing vary be tween
25–33%.

Ad di tional in for ma tion and knowl edge is pro vided by
the weath er ing in ten sity ex pressed in weath er ing in ten sity
cat e go ries from “0” (weath er ing traits are slightly vis i ble on
the sur face of the stone block) up to “4” (dam age caused by
weath er ing has changed the ex posed sur face of the stone
block and se verely af fected stone ma te rial) (Ta ble 2).

The data dem on strates that pre dom i nant weath er ing in -
ten si ties are “2” and “3” (Ta ble 2). Over all it is an in di ca tion
of quite high de gree of knowl edge of an cient build ers re gard -
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Ta ble 2
Dis tri bu tion of weath er ing in ten si ties on the sur face

of the Step Pyr a mid, per cent age of the area of a fa cade

Weath er ing
in ten sity

South ern
fa cade

%

East ern
fa cade

%

North ern
fa cade

%

West ern
fa cade

 %

0 0.20 0.23 0.11 2.15

1 8.11 12.35 16.57 18.23

2 18.86 24.25 22.23 15.87

3 35.82 19.24 29.13 15.63

4 17.93 27.07 16.32 12.59

Ta ble 1
Stone ma te rial sur face de tach ment and loss of stone ma te -
rial weath er ing types on the fa cades of the Step Pyr a mid,

per cent age of the area of a fa cade

Sur face de tach ment and
loss of stone ma te rial

weath er ing types

South ern
fa cade

%

East ern
fa cade

%

North ern
fa cade

%

West ern
fa cade

%

1st step 42.45 30.18 61.51 20.55

2nd step 60.34 60.31 55.91 50.81

3rd step 59.82 70.00 57.90 62.50

4th step 41.41 73.69 60.64 70.38

5th step 50.89 69.23 53.13 95.12

6th step 70.87 67.21 50.72 100.00

To tal on the fa cade 49.78 50.36 58.69 39.96

Fig. 3. Vi su al iza tion of weath er ing types and their in ten si ties on the fa cades of the geospatial model of the Step Pyr a mid.



ing the choice of the con struc tion ma te rial. Yet, the east ern
fa cade, where weath er ing in ten sity “4” forms 27.07% of the
whole area of the fa cade, is an ex cep tion. This is the fa cade
where on the first two steps ini tial stages of the pyr a mid’s
con struc tion are ex posed (Lauer, 1962) and con struc tion
blocks are elab o rated less ac cu rately. This also is for ti fied by

sig nif i cant loss of ce ment mass and its com par a tively low
qual ity in that area.

The photo doc u men ta tion it self can pro vide a pe cu liar
out look on the con struc tion pro cess of the pyr a mid. De tailed
anal y sis al lows us to iden tify the pe cu liar i ties of the con -
struc tion pro cess of in di vid ual steps of the pyr a mid. Re sults
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Fig. 4. Sche matic de pic tion of pos si ble con struc tion stages of the Step Pyr a mid, char ac ter is ing var i ous qual ity of the stone ma te rial used
(dif fer ent qual ity ma te rial is marked as “1”, “2”, and 3”).

Fig. 5. Step Pyr a mid’s re con struc tion pro cess. East ern fa cade in the year 2012.



of sim pli fied as sess ment of the qual ity of con struc tion blocks 
and their re sis tance to weath er ing in gen eral are sche mat i -
cally dem on strated and de note to sev eral sup plies of the ma -
te rial of dif fer ent qual ity (Fig. 4). Scree lay ers and re cently
re con structed ar eas of the pyr a mid were ex cluded from this
as sess ment.

This data dem on strate that dur ing the pyr a mid’s con -
struc tion pro cess only a part of the build ing ma te rial was ac -
cu mu lated on the con struc tion site; the other part was deli-
vered upon ne ces sity from dif fer ent lime stone quar ries, sit u -
ated in the vi cin ity of the Step Pyr a mid com plex (Welc,
2011) and es carp ment quar ries of the Saqqara pla teau. The
speed of stone ma te rial pro vi sion was not suf fi cient in com -
par i son to the speed of con struc tion. This could ex plain why
along with high qual ity con struc tion blocks, lower qual ity
ma te rial was used. Should this be con firmed, it could in di cate 
that the main core of the pyr a mid would con sist of low qual -
ity ma te rial and due to eco nom i cal rea sons some parts would
be filled up with de bris or even left empty.

To es tab lish pos si ble con struc tion se quence of the pyr a -
mid, to iden tify the ar eas of an cient re con struc tions work and
to per form de tailed stone ma te rial and mor tar anal y sis, ad di -
tional in ves ti ga tion would be nec es sary. How ever, such
stud ies are cur rently im pos si ble and, ap par ently, will not be
pos si ble in the near est fu ture due to vast re con struc tion cur -
rently in prog ress (Fig.5), which has de faced all these im por -
tant in di ca tions.

DIS CUS SION

Most an cient mon u ments are stud ied by dif fer ent spe -
cial ists and sci en tific pub li ca tions are ori ented to wards par -
tic u lar is sues con cern ing the ob ject, e.g. ar chi tec ture, icono-
graphy, his tor i cal con se quence, etc. De spite of their sig nif i -
cance, such pub li ca tions do not yield the pos si bil ity to make
gen eral con clu sions about the mon u ment, which are nec es -
sary to set the pri or i ties for its pres er va tion. For in stance, the
Step Pyr a mid of Djoser has been largely stud ied (Firth &
Quibell, 1935; Lauer, 1962, Baud, 2002, Lehner, 2004, etc.)
and these stud ies de tected nu mer ous rec og niz able dam ages
of the mon u ment, yet their spa tial dis tri bu tion and in ter con -
nec ted ness have been de vel oped to a small ex tent. There fore, 
or ga ni za tion of the data and var i ous ob ser va tions in a geo-
spa tial model with an op tion to main tain Geo graphic In for -
ma tion Sys tem (GIS) data base is meth od olog i cally a sig nif i -
cant aspect.

Ad di tion ally, since some of the spe cific stud ies, such as
de tec tion of stone ma te rial weath er ing or stud ies of mor tar,
con tain the el e ments of sub jec tiv ism, it is im por tant, that the
ba sic in for ma tion layer con tains high res o lu tion photogra-
phic doc u men ta tion only. Such ap proach al lows us to min i -
mize the prej u dice opin ion dur ing the in ter pre ta tion and en -
chain the data to par tic u lar geospatial point of an ob ject. This
en sures the pos si bil ity to range the ma te rial ac cord ing to its
cred i bil ity and in case of any doubts al lows us to per form ad -
di tional ver i fi ca tions of par tic u lar in for ma tion on a pre cise
area in situ.

The clas si fi ca tion ap plied for the di ag nos tics of stone
ma te rial and mor tar weath er ing should be ad justed, mod i fied 
and sim pli fied if nec es sary, de pend ing on the par tic u lar i ties

of the mon u ment and data source avail able. The de gree of de -
tailed elab o ra tion dur ing the pro cess of vi su al iza tion of the
re sults de pends on the pur pose of the study. It can be car ried
out for each of the stone blocks in par tic u lar ar eas or for the
whole struc ture in a larger scale.

Ad di tion ally, the data on the spe cific char ac ter of the
mon u ment’s con struc tion pro cess and iden ti fi ca tion of the
build ing ma te rial used is es sen tial for cor rect de ter mi na tion
and prog nos ti ca tion of de gree of sta bil ity of the mon u ment.

Cur rent study does not in clude all the as pects of qual ity
and pres er va tion of the Step Pyr a mid stone ma te rial. These
as pects should be fur ther stud ied in de tail; how ever, it is es -
sen tial to in clude the data about the un der ground struc ture of
the pyr a mid in these stud ies, as well as per form di rect mea -
sure ments and ob ser va tions on the fa cades of the pyr a mid.

CON CLU SIONS

The re sults of the study in di cate that sep a rate facts, ob -
ser va tions and phe nom e non can yield higher value and un -
cover hid den cor re la tions if this data is vi su al ized in 3D
en vi ron ment. It also con cerns in ter me di ate and revisory re -
search data rais ing its sci en tific qual ity by dis play ing this
data in the high qual ity geospatial model in te grated into GIS
ap pli ca tions.

The sur face of the stone ma te rial ex posed on the fa cades
of the pyr a mid has dis in te grated. It was pos si ble to eval u ate
not only pre dom i nant weath er ing types and their in ten si ties,
but also their spa tial dis tri bu tion and cor re la tion with other
eval u a tion pa ram e ters. The study re sults dem on strate di rect
con nec tion of the ma te rial weath er ing to the con struc tion
stages of the Step Pyr a mid. Such stud ies along with the eval -
u a tion of the ce ment prop er ties are es sen tial be fore at tempt -
ing any re con struc tion and con ser va tion work on the pyra-
mid site.

In di vid ual stud ies of the stone ma te rial and mor tar wea-
thering, as well as sta bil ity of the Step Pyr a mid sub stan tially
ex tend the pos si bil i ties to fol low nat u ral pro cesses and af ter
re spec tive cal i bra tion to at trib ute ap pro pri ate quan ti ta tive
eval u a tion. These are com par a tively sim ple tech ni cal tools
and com puter soft ware en abling wide ap pli ca tion of such an
ap proach in mul ti lat eral geoarchaeological stud ies. More -
over, this method is ap pli ca ble also for ex tended mon i tor ing
ob ser va tions of exo gen ic pro cesses in dif fer ent mon u ments
and sites of cul tural her i tage.

The method ap plied in the cur rent study is com par a tively 
sim ple and eas ily ad just able to suite the needs of the stud ies
of other stone mon u ments to eval u ate their state of pres er va -
tion and draw the plans for fu ture re search. The meth od ol ogy 
de vel oped for this study would re quire mi nor mod i fi ca tions
in or der to be ap plied in sim i lar stud ies on the other his tor i cal
stone mon u ment sites of Saqqara and Giza pla teaus.
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