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1.0  Objectives


A detailed investigation of the outer stone veneer was undertaken to better understand 
the overall Gate construction (Figure 1).  The investigation required the notation of 
specif ed aspects of both individual stones and their overall position (or function) within 
the masonry wall system.  Observations pertaining to individual stones included bedding 
orientation, shaping and tooling, stone type (where identif able), the general shape at 
the wall face and core, and included differentiating between headers and stretchers.


Figure 1  The entryway through the Citadel Gate with the North and South Courts f anking 
the ramp.
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Constructed in the mid-9th century BCE, the Early Phrygian Gate functioned as the 
ramped entryway to the citadel.  Following a catastrophic f re at the end of the cen-
tury, the gate was buried under rubble stone and 3-5 meters of clay construction f ll.  This 
burial allowed for successive building during the Middle Phrygian period with the Early 
Phrygian Gate serving as the foundation for a new gate structure.  


Since excavation of the gate beginning in the 1950s, the structure has remained partially 
exposed.  The gate currently stands nearly complete and consists of a North and South 
Court with a Central Ramp leading into the citadel (Figure 2).  Although the interior of 
the North Court and Central Ramp have been cleared entirely, the South Court interior 
has retained the Middle Phrygian era f ll material.  Other exterior elevations of both the 
North and South Courts have been partially exposed.  Several courses from the Middle 
Phrygian Gate remain in their original location atop the Early Phrygian Gate walls.  


The courts are not identical in plan and show some disparity in size and wall angle.  The 
North Court reaches 12.9 meters on its north-south axis and 16.20 meters east-west.  
The slightly larger South Court spans an area approximately 19 meters north-south by 
12.5 meters east-west.  The South Court walls maintain more consistency in thickness—
averaging approximately 3 meters—while the North Court walls vary greatly (although 
they are generally thinner than the South Court walls).  The outer defensive walls of both 
courts stand nearly 10 meters in height.  


The gate walls—with the exception of the entryway walls which once adjoined a previ-
ous structure—comprise a three leaf dry laid system of a single wythe of outer veneer 
blocks and an inner rubble core.  The ashlar veneer faces consist of substantial limestone 
and rhyolite blocks, which are cut and dressed on the exterior and roughly shaped to-
ward the core.   Although the gate is constructed of mostly limestone, rhyolite appears 
to have been used in greater quantity at the top of the walls.  Because the dry laid con-
struction left open joints between the head joints of the veneer stones, small chinking 
stones were inserted into the voids to increase stone contact for additional stability.


The Phrygians also achieved greater stability by battering the gate walls, constructing 
masonry bonded corners and introducing timber tie beams to bond the veneer stones 
and inner rubble core.  The outer defensive walls contain a battered face above a 
double ledged base, which steps in at varying heights and depths to create the ledges.  


2.0  Gate Description
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The walls generally contain a batter of 5cm for every meter in height.  


An earthen plaster f nish originally covered both the interior and exterior court walls—
remnants of which were clearly visible during excavation in the 1950s.  Excavation 
images show that large quantities of the plaster were visible on the walls of the central 
gateway and the adjoining interior court walls (Figure 3).  Much of the plaster has since 
been lost due to its exposure to environmental conditions and, as of 2009, only remnants 
of the earthen f nish remain on the southeast exterior elevation, areas of an interior North 
Court wall, and as broken plaster keys in many of the head joints.


Meters


NN


NORTH COURT


CENTRAL RAMP


SOUTH COURT


Figure 3  Extent of earthen plaster remaining on the Early Phrygian Gate 
at the Central Ramp immediately following excavation.  Penn Museum 
Gordion Archive.


Figure 2  Plan of the Early Phrygian Gate complex.
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The stone survey required the investigation of specif c Phrygian construction methods.  
These methods included the observation of coursing regularity and the use of chinking 
stones, the placement of headers and stretchers, presence of original tooling or shaping 
of stones, bedding orientation, individual stone shape at the face and within the wall 
core, reconstruction, injection grouting and extant earthen f nishes.  Each characteristic 
was def ned as follows:  


Coursing:  Regularity of courses is largely dependent on consistent stone size and shape 
and use of leveling stones or chinks.  Irregularities occur from the insertion of smaller, 
horizontal stones (which alter continuity), bulging and incomplete sections where the 
number of courses varies within an elevation (refer to Figure 26).  


Chinking:  Chinking stones are generally added to tighten joints and f ll voids or act as 
leveling stones (Figure 4).  The survey differentiates use by indicating where chinking 
stones were inserted to f ll small voids or placed to elevate individual veneer stones to 
offer continuity to a course.  


Headers and Stretchers:  Headers and stretchers are only clearly distinguishable at junc-
tures and in the top course of several elevations.  A long horizontal face does not neces-
sarily designate a stretcher and, similarly, stones with a short horizontal face are not all 
consequently characterized as headers.  Further investigation into the veneer is neces-
sary to determine true stone dimension and make a clear identif cation of each type.  


Tooling and Shaping:  Many stones retain their characteristic tooling on the stone face.  
Where tooling remains clearly identif able, stones are denoted as tooled.  Stones lack-
ing a f at chisel dressed face are designated as shaped only (referring to the precus-
sive shaping of the face and overall block) (Figure 5).  Weathering and spalling or other 
deterioration occasionally obstruct the original tooling or shaping and prevent positive 
identif cation of the stone.  As a result, such stones are designated as unknown.  


Bedding Orientation:  The rate and pattern of stone deterioration is affected by bed-
ding orientation—specif cally in the limestone found throughout the gate.  Largely laid 
in its natural horizontal orientation, the limestone is in good condition in general and is 
only weathered in localized areas; however, most stones with a vertical orientation show 
signs of delamination.


3.0  Methodology
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Individual Stone Shape:  At the outer face, all stones within the masonry wall system 
exhibit a square or rectangular appearance.  Voids in the veneer allow further investiga-
tion of stone shape toward the core.  Although some stones maintain similar dimensions 
at the wall face and core, others have a toothed shape.  This toothed shape is created 
by a narrowing toward the core, which helps bond the veneer and core stones.


Grouting:  Several South Court elevations were gravity injection grouted (2001-2006).


Reconstruction:  Several elevations (SCe-3, SCe-4 and SCe-5) contain areas of missing 
stones, which were f lled or reconstructed immediately following excavation (Figure 6).  
These areas typically exhibit construction methods which differ from the original Phrygian 
techniques (either through material selection or chinking methods).  Complete recon-
struction has been recorded at NCe-14.


Extant Earthen Plaster:  When excavated in the 1950s, the gate walls contained exten-
sive earthen f nishes.  Finishes remaining in 2009 were recorded in joints and on individual 
stone faces (Figure 7).  


Figure 5  Shaped stone (top) and face-
tooled stone (bottom).


Figure 4  Original chinking of stones on the 
North Court’s southeastern elevation.


Figure 7  Extant plaster in the joints of the 
North Court’s southeastern elevation.


Figure 6  The reconstructed area of the 
South Court’s eastern elevation.
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Early Phrygian Gate Plan:  
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Figure 8  Plan of the Early Phrygian Gate walls of the North Court.
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Middle Phrygian Gate 
Plan:  North Court
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Figure 9  Plan of the extant Middle Phrygian Gate courses at the North Court.
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Early Phrygian Gate Plan:  
South Court
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Figure 10  Plan of the Early Phrygian Gate walls at the South Court.
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Middle Phrygian Gate 
Plan:  South Court
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Figure 11  Plan of the extant Middle Phrygian Gate courses at the South Court.
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4.1  NCe-2 (North Exterior Elevation)
An extant city wall adjoins the north exterior elevation, although the juncture is not 
masonry bonded (the city wall abuts the Early Phrygian Gate).  Some instability has 
developed in the city wall where it abuts the north elevation, and the wall has been but-
tressed with stone to provide additional support (Figure 12).  The north exterior elevation 
is partially excavated and reduces in the number of exposed courses from six (at the city 
wall/gate juncture) to one (at the western end).


4.0  Masonry Construction Survey of 
North Court Elevations


4.1.1  Coursing and Chinking
Coursing is not continuous along the wall length, which produces a sloped appearance.  
At the western end—where one to three courses are extant—there appears to be some 
disturbance in the coursing, which has caused sloping and irregularity.  Few chinking 
stones remain in this area; however, the eastern wall section is chinked with more regu-
larity.


Figure 12  The sloped appearance of NCe-2 with the city wall and 
stone buttressing at left.


NCe-2NCe-2
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4.1.2  Tooling and Shaping
Tooling of stone blocks is prevalent in the eastern section, where up to six courses re-
main.  General shaping of the stone blocks occurs in the section containing less than 
three exposed courses.


4.1.3  Bedding Orientation
Bedding is almost exclusively horizontal with two exceptions in the western section where 
shale(?) has been bedded vertically to act as a f ll material in large voids.


4.2  NCe-10 & NCe-11 (East Elevation)
Excavated to original grade only at southeastern corner, the top two courses remain 
exposed along length of wall (Figure 13).  Signif cant stone loss is observed in the upper 
courses of the southern corner.  Spalling continues to occur at this elevation with new 
spalls recorded during the 2009 season.


4.2.1  Coursing and Chinking
Coursing maintains regularity with large blocks in lower courses and smaller stones in up-
per courses.  Chinking is largely used to tighten joints, and some shale(?) has been used 
to f ll joints and raise stone blocks to level courses.


4.2.2  Tooling and Shaping
Lower courses (at ledge) are partially exposed; however, these stones largely appear to 
be tooled.  All upper courses contain visible tool marks.


Figure 13  The southeastern corner of NCe-
10 and NCe-11 showing the abutting Middle 
Phrygian f ll material.







A12


GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


December  2009


4.2.3  Bedding Orientation
All stones were found to be bedded horizontally.


4.3  NCe-12 (Southeast Elevation)
The reconstructed area in the lower, central courses of NCe-12 contains large voids and 
made possible further investigation of the veneer stones at the rubble core (Figure 14).  
A greater diversity in tooling and more extensive observations on headers and stretchers 
was recorded.  Stones in this Central Ramp elevation are generally larger—especially 
those at the base where a higher number of shaped stones was observed. 


4.3.1  Coursing and Chinking
Coursing is much more uniform and remains relatively level (unlike the opposite South 
Court elevation, SCe-3).  The lower half contains a high number of stones bedded on 
chinking stones to raise or maintain horizontality.  A signif cant amount of shale(?) is 
used in the western end to f ll large joints, although few areas in upper courses required 
shale(?)/chinks for leveling.  Some course irregularity occurs in the uppermost course 
(western end) where several unusually narrow stones have been inserted.  Several stones 
in the top course at the eastern end appear to be Middle Phrygian.


4.3.2  Reconstruction
The central area of lower courses has been reconstructed (historic images show a large 
void in this area at time of excavation).  Chinking stones have been added to the joints 
in this reconstructed area, but not to replicate the original appearance (Figures 15-16).  
The recently chinked area shows a different method with stones inserted in all joints; the 
original Phrygian technique demonstrated a different method of chinking where stones 
were used only to raise individual blocks (to level a course) or f ll periodic voids in joints.  


Figure 14  NCe-12 with the recon-
structed section visible in the lower, 
central courses.
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4.3.3  Tooling and Shaping
A high number of shaped stones are found in the original area of lower courses.  Upper 
courses exhibit uniform tooling (which covers the majority of the wall).  Reconstructed 
blocks also contain similar tooling, which indicates these blocks could have been origi-
nal stones that were repositioned to f ll the void.


4.3.4  Bedding Orientation
Stones are bedded horizontally.


4.3.5  Headers and Stretchers
Several headers and stretchers were identif ed in the lower courses surrounding the 
reconstructed area; however, no pattern was discerned.  Stones in the course imme-
diately above the reconstructed area consist of two headers and one stretcher, but a 
continuation of this pattern could not be determined.  In general, stones were observed 
to alternate between headers and stretchers within a single course in areas where two 
or more stones are available for observation.  


4.3.6  Earthen Plaster
This southeastern elevation contains the majority of the gate’s extant earthen plaster.  
The f nish exists largely in joints (where it survives as keys) and to a lesser extent on the 
stone face (Figure 17).  The plaster is concentrated in the lower courses—probably from 
burial—and does not appear in the upper courses (possibly due to greater environmen-
tal exposure).


Figure 15  A 1950s excavation image detail-
ing the area requiring reconstruction.  Penn 
Museum Gordion Archive.


Figure 16  The current condition of the recon-
structed section with several large voids and 
different chinking technique.


Figure 17  Extant earthen plaster on the 
wall face and joints.
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4.4  NCe-13 (West Return)
More diverse stone types are present within the west return wall (Figure 18).  Both corners 
are masonry bonded with regular, alternating bonding in the corner adjoining the south-
eastern elevation (NCe-12).  The interior corner which adjoins the southwestern elevation 
(NCe-14) exhibits a slightly irregular bonding pattern at the center with a regular, alter-
nating bond in the upper and lower courses.  


4.4.1  Coursing and Chinking
The elevation exhibits regular coursing with chinking concentrated in the central and 
lower courses.  Chinking is used in these sections to f ll voids and level individual stones to 
maintain course regularity.  Few chinking stones are visible in the upper courses; how-
ever, blocks are linearly shaped to create a tight joint.  Some voids remain in areas likely 
missing original chinking stones.


4.4.2  Tooling and Shaping
The stone blocks mostly exhibit tooled faces.  Shaping is evident on blocks formed from 
a light gray limestone.  


4.4.3  Bedding Orientation
With the exception of two blocks placed in the lower courses and which abut the south-
western elevation (NCe-14), all stones are bedded horizontally.


4.4.4  Headers and Stretchers
Headers and stretchers alternate regularly at the outer corner where the west return wall 
adjoins the southeastern elevation


Figure 18  NCe-13 showing regular coursing 
and various stone types.
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4.4.5  Earthen Plaster
No plaster was observed on the west return wall, although adjoining elevations (NCe-14 
and NCe-12) both contain extant earthen f nishes.


4.5  NCe-14 (Southwest Elevation) 
The southwest elevation has undergone two separate reconstruction campaigns (1955 
and 2006).  Following the second reconstruction campaign, the wall has been but-
tressed from the northern side.  Original stones—found intact upon excavation and 
never affected by reconstruction—adjoin the west return (Figure 19).


4.5.1  Coursing and Chinking
Many small stone blocks are utilized in the upper courses with chinking stones inserted to 
tighten joints.  Courses remain horizontal.  Chinks are used in the reconstructed area to 
raise individual stones in order to maintain horizontality within each course.  The chink-
ing technique in this reconstructed wall more closely resembles the original Phrygian 
technique than chinking methods employed in other recently reconstructed or grouted 
walls.  The wall was rebuilt in 1955 based on evidence that the Phrygians disassembled it 
before or during the great f re.  Following excavation, Rodney Young reconstructed the 
wall with original stones.


4.5.2  Reconstruction
Original stones adjoin the west return and contain the original earthen f nish in joints.  The 
original section of wall also contains more diversity in stone type.  Figures 19 and 20 show 
the extent of reconstruction during the 1955 and 2006 programs.


4.5.3  Tooling and Shaping
Stones are largely tooled in both original and reconstructed areas, which suggest that 
the stone used for the reconstruction likely originated from other Early Phrygian Gate 
walls or structures.  Shaped stones appear toward the base, although the one large, 
shaped stone adjoining the west return in the original wall section indicates that shaping 
may have occurred more frequently in the original wall construction.


Figure 19  NCe-14 was par-
tially reconstructed in 1955 
immediately following excava-
tion and again in 2006 after 
damage from the 1999 Izmit 
earthquake.
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4.5.4  Bedding Orientation
Two stones with vertical beds were observed in the reconstructed western end.


4.5.5  Headers and Stretchers
Headers and stretchers are discernable at the reconstructed wall end, where the blocks 
maintain a general alternating pattern.  


4.5.6  Earthen Plaster
Original plaster was observed within the joints of the lower, original courses.


Figure 20  Historic image from 1955 showing process of dry stone recon-
struction.  Penn Museum Gordion Archive.


4.6  NCe-19 (South Interior Elevation)
The construction survey of the southern interior elevation includes only the completed 
section of wall (Figure 21).  The western section has been reconstructed and, because 
only the veneer face of NCe-14 stands at the western end, is buttressed for additional 
support.  Many voids exist in the lower courses adjacent to the buttressing of the re-
constructed wall.  These voids allowed for inspection of the core material and shape of 
individual stones toward the core.


4.6.1  Coursing and Chinking
The elevation includes regular coursing with wide stones reserved for the lower courses 
and narrower blocks in the upper courses.  Chinking stones are found throughout the el-
evation, although they appear more concentrated toward the center and are relatively 
absent in the lower courses of the western section.


4.6.2  Tooling and Shaping
Tooling is prevalent on most stones; however, several shaped stones are found in the 
lower courses in the western half of the wall.  
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4.6.3  Bedding Orientation 
All stones are bedded horizontally with the exception of several blocks in the central 
courses of the eastern end.  


4.6.4  Individual Stone Shape
The voids in the lower southwestern corner have allowed the investigation of individual 
stone shape beyond the wall face.  A signif cant number of toothed headers and sev-
eral toothed stretchers were identif ed.  Other blocks were found to maintain a rectan-
gular shape and did not narrow toward the core.  Of the stones investigated, approxi-
mately half exhibited the toothed shaping toward the core.


4.6.5  Headers and Stretchers
A regular pattern could not be determined from stones identif ed as either a header or 
stretcher.  The identif able blocks in the bottom course appear to be stretchers.  How-
ever, some pattern showing alternating headers and stretchers was found within a single 
course.  Further investigation is required to verify def nite patterns.


4.6.6  Earthen Plaster
Some earthen plaster remains in the joints of the central portion of the wall.  Although 
the lower courses have retained more earthen f nish than upper courses, plaster was 
observed up to the ninth course (from the wall base).  Areas containing extant plaster 
correspond with chinked courses.  Joints which were not chinked or have lost chinking 
stones generally lack earthen plaster.  


Figure 21  NCe-19 was also partially reconstructed at the western end.


Rebuilt
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4.7  NCe-21 (East Interior Elevation)
As the only interior elevation to remain completely intact, the eastern interior elevation 
demonstrates a signif cant degree of regularity and retains much of its original chinking 
(Figure 22).  However, extant Middle Phrygian Gate courses above have caused com-
pression cracking and slight bulging in the upper northern courses.  It must be assumed 
that this additional load contributes to some slight irregularities in this area.


4.7.1  Coursing and Chinking
Irregularity is found in the top course where small stones have been added to level 
course (likely for the concrete capping).  Several courses contain areas where individual 
blocks were bedded on chinks (including shale(?) wedges) to elevate stones or raise the 
course.  This use specif cally occurs in the third course (from the wall top).  The elevation 
generally contains tight joints created by the linear shaping of blocks and the addition 
of chinks.  Small voids are evident in joints of upper courses possibly resulting from the 
Middle Phrygian load.  This area likely contained chinking stones to minimize voids when 
f rst constructed.  


4.7.2  Tooling and Shaping
Several shaped stones are concentrated in the lower courses at the southern end; how-
ever, a signif cant degree of tooling of stone faces remains intact.


4.7.3  Bedding Orientation
Several blocks have been identif ed with a vertical orientation:  one block in the lower 
courses of the wall center and one in the lower courses abutting the northern interior 
wall (NCe-22).


Figure 22  Current conditions, such as bulging, have caused a slight depres-
sion below the Middle Phrygian Gate courses.
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4.7.4  Earthen Plaster
Extant earthen f nish is found in joints throughout the wall elevation.  Signif cant plaster 
is located in the lower courses with lesser amounts scattered in the middle and upper 
courses.  No earthen f nish remains on the stone faces.


4.8  NCe-22 (North Interior Elevation)
The north interior elevation is fully excavated but exhibits a sloped appearance due to 
the reduction of visible courses from east to west (Figure 23).  The eastern end (adjacent 
to the east interior elevation) contains twelve courses, which reduces to two courses at 
the western end.  


4.8.1  Coursing and Chinking
The coursing in this north interior elevation shows distinct variations in stone size.  
Unlike other elevations (such as the Central Ramp elevations, where larger stones are 
concentrated in lower courses), the sizes appear to have a random placement.  Large 
stones are not concentrated in the lower courses; instead, these stones are placed 
throughout the elevation and are found in the upper courses.  Several courses com-
prised entirely of long, very narrow stones are found in the center of the most complete 
portion of the wall (at the eastern end).  


4.8.2  Tooling and Shaping
Tooling of the stone faces is evident on most stones; however, some shaped stones are 
found throughout the wall with several concentrated in the middle section at the east-
ern end.


4.8.3  Bedding Orientation
Stones are bedded with a horizontal orientation, except in two locations where narrow 
stones have been inserted into the course with a vertical orientation.


4.8.4  Earthen Plaster
Earthen plaster remains in the joints of several lower courses.  A large remnant of f nish 
has also been retained on a stone face of a lower course.


Figure 23  NCe-22 exhibits irregularities in coursing and has a sloped appearance.
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5.1  SCe-4 & SCe-5  (East Elevation)
The east elevation is partially excavated with Middle Phrygian construction f ll abutting 
the entire wall interior (Figure 24).  Unexcavated f ll remains at the southern end where 
the elevation is inaccessible for survey.  Instabilities are visible in the elevation and vary 
from localized missing and reconstructed areas to extensive shear and vertical crack-
ing, which indicates incremental movement of the northeastern corner.  The northern 
section maintains a regular height, while the majority of the wall varies greatly in number 
and completeness of the upper courses.  


5.0  Masonry Construction Survey of 
South Court Elevations


5.1.1  Coursing and Chinking
One noted area of f ll is found in the northeastern corner above the ledge.  Courses 
generally maintain regularity.  Shale(?) is more frequently used to level courses in this 
eastern elevation than other elevations in either the North or South Court.  Several areas 
also contain veneer blocks laid on a bed of chinking stones.  


5.1.2  Reconstruction
Historic images indicate an area comprising approximately six missing stones was uncov-
ered during excavation at the southern end.  The section was reconstructed with avail-
able stone (not original to the Early Phrygian Gate) following excavation.  


Figure 24  Only partially excavated, SCe-4 contains several incomplete courses and a section of loss, 
which was f lled with material following excavation in the 1950s.







A21


GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


December  2009


5.1.3  Grouting
A small grouted area is noted in the lower courses of the exposed elevation.  The grout-
ing program included the courses below the ledge and several courses above to stabi-
lize the slight bulge at the base of the wall.  


5.1.4  Tooling and Shaping
Most individual stones retain the original tool marks.  Very few stones were identif ed as 
shaped with no tooling; however, numerous stones remain unidentif ed due to weather-
ing, which has obscured the original face.


5.1.5  Bedding Orientation
Stones are almost exclusively laid with a horizontal orientation.  Few exceptions are 
found in the center of the wall in two lower courses and one upper course.


5.1.6  Headers and Stretchers
Headers and stretchers are only visible in the uncapped portion of upper course.  Al-
though no pattern can be determined, the exposed stones generally indicate that full 
header courses and full stretcher courses comprise the wall construction (rather than 
alternating headers and stretchers within each course).


5.2  SCe-3  (Northeast Elevation)
This elevation contains a large bulge in the upper courses, which has developed as a 
more recent condition (since the 1950s excavation) (Figure 25).  The bulge appears to 
have affected certain aspects of the wall’s original construction, such as the regularity 
of coursing, and has caused the introduction of new materials—specif cally grouts im-
plemented to stabilize the wall and individual stones.  Microgrout injections have been 
used to consolidate extensively cracked stones in the lower courses; however extensive 
visible cracking remains in the lower courses of the ledge.  


Figure 25  SCe-3 has been most af-
fected by displacement, which has 
resulted in course irregularities and 
the addition of grout.
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5.2.1  Coursing and Chinking
The northeast elevation exhibits the most irregularity in coursing—probably mostly char-
acteristic of the original construction methods.  The lower courses contain long, narrow 
stones, which slope toward the west.  Although several factors could contribute to the 
sloping (the large bulge in the courses above or deteriorated foundation timber), the 
irregularity is likely original.  A course of wide, large blocks situated above these long 
and narrow stones appears to serve as a leveling course.  Several courses contain small 
leveling stones at the wall center to compensate for the slope and attempt to raise the 
above blocks to eliminate the irregularity.  Unlike the adjacent eastern elevation (where 
shale(?) was frequently used), shale(?) was only recorded in two areas to f ll larger joints.  


The large bulge has also affected the coursing in the upper third of the elevation (Fig-
ure 26).  Slight deviations in horizontality have developed from the bulge pushing stones 
upward and creating voids in the joints.  Chinking stones have been reconf gured during 
the grouting process and appear to have been added to f ll voids between joints.  The 
method used to chink the grouted area differs from the original construction technique.  
Many courses in the upper courses (not affected by grouting) show areas where chink-
ing stones have been laid to elevate a series of stones in a course; this method rarely 
occurs in the lower courses, possibly due to grouting.


5.2.2  Grouting
Largest grouted area exists on SCe-3; approximately 2/3 of lower courses grouted; 


5.2.3  Tooling and Shaping
Tooling is largely decipherable on stones, especially in the upper courses.  Groups of 
stones are notated as unknown in the lower courses—likely due to weathering.  Addi-
tionally, several large stones in the lower course have been shaped and contain no tool 
marks.  Although several stones in the upper courses are recorded as unknown due to 
spalling, these were likely tooled prior to loss of face material.  


Figure 26  Detail of the irregular-
ity in the coursing caused by the 
large bulge, which has devel-
oped in the wall center.
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5.2.4  Bedding Orientation
Five stones (including several shale(?) blocks) in the lower courses of the western section 
have a vertical orientation.  


5.2.5  Earthen Plaster
No plaster currently remains, although the 1950s excavation images show extensive 
areas of extant earthen plaster.  The opposite wall of the North Court (NCe-12) contains 
more extant plaster than any other elevation, which suggests that environmental con-
ditions—specif cally precipitation—affect the South Court walls and have removed the 
earthen plaster.  The North Court is likely more protected due to its orientation.


5.3  SCe-2 (West Return)
Displacement and veneer separation has caused large voids; however, grouting pro-
hibited further observation of stones at the core (Figure 27).  A missing area in the upper 
courses adjoining SCe-1 has worsened since excavation—although generally a historic 
condition—with increased loss and spalling.  The condition obscures the bonding at 
the corner; however, the regularity of the masonry bonding exhibited in the lower and 
middle courses indicates that the alternating bond would continue to the top course.


5.3.1  Coursing and Chinking
Like the North Court return, the South Court return shows very regular coursing, which 
includes masonry bonding at each corner (with SCe-1 and SCe-3).  Shale(?) has been 
used to f ll large joints in several areas (including the wall base and center).


Figure 27  Veneer separation due to core 
settlement has created voids within the wall.
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5.3.2  Reconstruction
None; the area of loss has not been altered.


5.3.3  Grouting
The lower half of the wall has been grouted.


5.3.4  Tooling and Shaping
Extensive tooling is visible with two shaped stones in lower and middle courses.


5.3.5  Bedding Orientation
No stones are observed with a vertical orientation.


5.4  SCe-1 (Northwest Elevation)
The northwest elevation has a stepped appearance with more complete courses at the 
eastern end (adjoining the west return).  The wall reduces in number of courses from 22 
to 14 at the western end (Figure 28).  


5.4.1  Coursing and Chinking
The elevation demonstrates very regular coursing with generally uniform blocks through-
out the entire wall.  Because the lower two-thirds of the wall has been grouting, the 
chinking has been reconf gured in these areas.  The central section adjacent to west re-
turn appears dry laid (with no grouting between chinking stones); however, close exami-
nation shows there is grout behind chinking stones.  Shale(?) is used in the upper courses 
to elevate single stone blocks and f ll larger voids.  


5.4.2  Grouting
The gravity injection program included the grouting of the lower two-thirds of SCe-1.


Figure 28  SCe-1 was included in the gravity injection grouting program and, 
as a result, has varying chinking patterns within the elevation.


Courses 
grouted 
below line
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5.4.3  Tooling and Shaping
Stones are almost entirely tooled; however, several large stones in the lower courses 
have been shaped.  


5.4.4  Bedding Orientation
A few stones in the lower courses are found with a vertical orientation.  







A26


GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


December  2009


The Early Phrygian Gate complex largely demonstrates the consistent construction tech-
niques employed throughout the North and South Court elevations.  The outer defen-
sive walls and adjacent Central Ramp elevations show a progression from long, narrow 
rectangular blocks at the wall base to smaller blocks, more even in height and width, in 
the upper courses.  The excavated interior court walls maintain a more uniform coursing 
from base to top and are generally smaller in size.  


Irregularities in wall appearance generally occur only in areas of reconstruction or 
grouting—both recent interventions that provide variations in chinking methods.  Chink-
ing stones in original areas were used to increase joint contact, or friction, at the stone 
interface.  The Phrygians shaped the stone blocks to create tight joints for stability; 
however, chinking stones were frequently inserted into voids to provide further cohesion.  
Also, blocks were occasionally laid on chinks to elevate a single stone and maintain the 
course level.  Reconstructed or grouted sections rely on chinking stones for their aesthet-
ic quality rather than for their function in increasing stability.


Additional investigation into the gate’s core construction is necessary to further docu-
ment Phrygian technology and building methods.  Although known to exist within the 
wall system, juniper tie beams were not recorded during this investigation due to inac-
cessibility.  Nondestructive methods of investigation would be required to identify the 
location, frequency and condition of these timber beams.  Also, patterns of weathering 
have obscured certain features, such as tooling and earthen f nishes.  Digitization of the 
construction survey will enable correlations between current conditions and irregulari-
ties in construction methods to be established.1  Similarly, laser scanning data collected 
during the 2009 f eld season will allow for more detailed analysis of general wall proper-
ties, which include the degree of batter, measurements of individual stones and whole 
wall systems, extent of bulging and possible emergent instabilities.  A comprehensive 
understanding of Phrygian construction methods is critical in addressing potential failure 
mechanisms and developing a stabilization program for the gate complex.


1  The annotated construction survey images are currently being digitized for comparison with 
the 2006 condition survey.


6.0  Conclusion
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1.0  Objectives


Since a moratorium has restricted excavations at the Gordion Citadel, it is essential to 
develop a strategy to manage the site’s exposed fabric and unique resources.  This 
strategy must address issues at both the macro level to incorporate regional planning 
and micro level to ensure the conservation of architectural remains within the citadel 
mound.  Because the site cannot be understood as an isolated entity, it remains criti-
cal to consider the site in its context within the central Anatolian region as well as within 
Turkey and understand specifi c challenges and opportunities at the local, regional and 
national levels.  The values within this immediate area perhaps play the most important 
role in understanding the best approaches for the overall management of the region.


Interventions at the site (or micro) level need to balance the physical well-being of 
the archaeological remains and the presentation of the extant architectural fabric 
to the public.  During 2009 fi eld season, the conservation team from the University 
of Pennsylvania’s Architectural Conservation Laboratory focused its efforts on the 
conservation of the archaeological/architectural fabric at the Gordion Citadel and 
its presentation to the public, as well as improving accessibility, interpretation and the 
general visitor experience with the installation of a visitor circuit prototype.
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The visitor amenities on the Gordion Citadel Mound are no longer up to the standards 
of a modern, welcoming and informative tourist facility.  A rusted barbed wire fence 
encircles the citadel and provides an unattractive barrier between the visitors and 
the archaeological remains.  In addition, the interpretive signage does not provide 
a coherent story of the citadel and is in poor physical condition (Figures 1-3).  Thus, 
interventions that would make the visitor experience at Gordion better were urgently 
needed, as identifi ed in the conservation treatment plan. 


The pilot project for the visitor circuit included four components:


Perimeter railings• 
Wayside viewing platforms• 
Interpretive signage• 
Steps and path• 


The 2009 season was dedicated to the installation of a complete prototype section in 
order to determine the longevity of each component.  This prototype will also allow the 
team to gather feedback from various stakeholders, including the Ministry of Culture 
and Tourism, archaeologists working at the site, local residents of Yassıhöyük and 
surrounding villages and visitors to the site.  Thus, it should not be considered as a fi nal 
product but as a work in progress.


2.0  Visitor Circuit Prototype


Figure 1  A stainless steel sign 
with a concrete base located 
along the visitor circuit.


Figure 2  The rusted and ob-
scured Gordion welcome sign 
at the start of the visitor circuit.


Figure 3  Another style and 
material used for signage 
along the visitor circuit.
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2.1  Perimeter Railings
The perimeter railing surrounding the Gordion Citadel is barbed wire fencing, which 
has rusted over time due to environmental exposure (Figure 4).  A new pilot railing was 
installed over a length of 50 meters to determine how it would control access, weather 
and affect the site aesthetic.  


The perimeter railing was designed by architect Lindsay Falck in order to allow 
maximum visibility of the Citadel Mound.  It consists of 3mm galvanized pipe/posts 
of 48mm diameter, which were placed at 3 meter intervals.  The pipes were cut to 2 
meter lengths. The pipes were purchased and cut in the industrial area of Polatlı from 
a scrap metal retailer. The bottom 25-30cm of this length was then cut vertically into 
two pieces on site by workers.  This section was then opened up into a base to provide 
more support for the pole.  The stone masons installed the railing poles by packing rocks 
around this T-shaped base.  No cement or mortar was used for the installation of this test 
system as the team anticipated possible modifi cations to the design or installation.  As a 
result, the prototype is assumed to be less durable (Figure 5). 


In between the pipes, 5 rows of galvanized metal wire were stretched. This wire was 
purchased in Polatlı. The tightness of the wire was achieved by using turnbuckles 
purchased in the industrial area of Polatlı.   For part of the railing system, stainless steel 
cable rather than wire was used. This cable was surplus from the intervention at the 
Terrace Building Complex and was brought from Italy.  As it is more fl exible and less 
likely to deform over time, it may be a better alternative for future installations.  Because 
the cost of stainless steel cable may be prohibitive and the material prone to theft, 
galvanized cable would be a suitable alternative.  


2.2  Wayside Viewing Platforms
Architect Lindsay Falck of PennDesign was commissioned to design and construct 
the wayside viewing platforms around the visitor circuit.  As part of the conservation 
treatment plan, ten locations around the excavation pit have been identifi ed for the 
placement of these platforms and interpretive signage.  During the 2009 season, two 
wayside viewing platforms were designed, constructed and installed as part of the 


Figure 4  The rusted perimeter railing before 
installation of the visitor circuit prototype.


Figure 5  The new galvanized pipe and wire rail-
ing.
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circuit prototype.  Several considerations were taken into account during the design 
process for the platforms:


The platforms have to be portable and modular, as they are• 
 intended to be outside only during the busy tourist season, which  
 spans from April to October, and need to be stored during the   
 winter months


Locally available materials must be used• 
They need to provide visitors with relief from the extreme heat on  • 


 the Citadel Mound during the hot summer days
They have to be constructed locally• 
They have to be affordable• 


The fi rst prototype platform was installed facing the Citadel Gate and, as the visibility 
of the Citadel Gate is a priority, the platform was designed without a view-obstructing 
shade.  The main construction materials for the platform were locally available yellow 
pine and galvanized pipes, Ts and bends.  The Ts and bends were purchased in Ulus, 
Ankara as they could not be found in Polatlı.  The wayside viewing platform was 
designed so that it could be disassembled for storage and reassembled for the tourist 
season (Figure 6).


The second prototype platform is located at the top of a slope approximately 50 
meters from the fi rst platform.  The visitor must climb a set of steps to reach the 
platform, which provides a view of Tumulus MM.  This wayside viewing platform was 
also constructed of yellow pine, galvanized piping and other galvanized elements.  
However, this platform also includes a shade to protect visitors from exposure to the 
harsh Anatolian sun. A local restaurant awning on the road between Ankara and Polatlı 
provided the inspiration for the roof, which weaves through a wooden frame in order to 
simultaneously create shade and resist high winds (Figures 7-9).


Both platforms are elevated to provide better views.  Their elevated design also offers 
visitors a moment to pause and refl ect on site features and the surrounding landscape.


Figure 6  The fi rst wayside viewing 
platform prototype, which is situ-
ated in front of the Citadel Gate.
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Figure 9  The second wayside view-
ing platform’s woven canvas roof, 
which was constructed to maxi-
mize shade and prevent possible 
uplift from wind.


Figure 8  View from north of the 
second wayside viewing platform 
prototype.


Figure 7  View from west of the 
second wayside viewing platform 
prototype.
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2.3  Interpretive Signage


2.3.1  Development for Prototype Installation
The development of interpretive signage for the Gordion Citadel is in an early phase of 
production.  John Hinchman of the Architectural Conservation Labarotory produced 
the initial set of signs for the fi rst platform.  The text was provided by Dr. Brian Rose and 
translated into Turkish by Dr. Ayşe Gürsan-Salzmann.  Some of the considerations for the 
signage include:


Easily transportable from Philadelphia to Gordion, which limits their  • 
 size and weight


Resistant to vandalism• 
Produced at a low cost; though current signs are draft versions, fi nal • 


 signs must also be affordable and are subject to periodic    
 replacement due to aging or revised interpretation strategies


Include Turkish and English to accommodate a large number of   • 
 visitors


2.3.2  Topics for Signage Program
Topics to be interpreted at each location were identifi ed by Brian Rose.


Sign 1•   Introduction to Gordion/Phrygians: Overview of Early   
 Phrygian/Middle Phrygian Gate


Sign 2•   Introduction to Tumuli: Tumulus MM and King Midas's   
 connections to Assyrians and Greeks


Sign 3•   Middle Phrygian Gate construction:  Use of colored stone;  
 Middle Phrygian Mound changes; leveling of underlying Early   
 Phrygian structures with 4-5 meters of clay fi ll


Sign 4•   Bronze Age habitation at Gordion:  Organization of settlement 
 with division of Megarons/Terrace Buildings.


Sign 5•   Phrygian civilization:  Music (Phrygian mode), language   
 (relationship to Greek/Thracian), religion (Cybele).


Sign 6•   The existence of two mounds during the Phrygian period ;  
 the fortifi cation system of the site with Küçük Hüyük and Kuştepe.


Sign 7•   Changes in the orientation of the Sakarya River (from east  
 to west): Historical events involving the river; Hittite Kings, Alexander 
 the Great, Ataturk's Battle of the Sakarya River.


Sign 8•   Excavation/architectural conservation history
Sign 9•   Terrace Buildings:  division of workforce in Early and Middle  


 Phrygian periods; wheat and textile production.
Sign 10•   The Attack of the Persians at Küçük Hüyük; the construction 


 of the Mosaic Building during the Persian period; evidence of human 
 sacrifi ce in the Lower Town.


2.4  The Path
Before the intervention, the visitor circuit included stone steps at the steep slopes around 
the Citadel.  However, these steps had deteriorated and required replacement (Figure 
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10).  In order to present a whole section of the visitor circuit in a more unifi ed manner, 
the steps in the pilot area were reinstalled.  Enough local stone was procured from Polatlı 
to complete this section of the circuit.  


The existing stairs, which were approximately 70cm wide, were removed, and the stone 
that could be reused was stockpiled.  After this, the width and slope of the area was 
established in order to accommodate at least two visitors walking side by side, which 
measures approximately 120cm in width.  The slope was then covered with a mixture 
of fi ne sand and a small amount of dry cement.  The stone steps were then installed 
using a sand/cement mixture that had been dampened slightly.  The stones were cut to 
achieve a rise of less than 15cm (Figure 11).


After the two sets of stairs were installed, it was observed that a stone path in the fl at 
areas would create a more unifi ed look for the visitors.  Therefore, a stone path was 
installed between steps. 


Figure 11  The stone steps were rein-
stalled with a higher rise and stone 
paths to create a more unifi ed appear-
ance along the visitor circuit.


Figure 10  The deteriorated steps of the 
visitor circuit prior to replacement.
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3.0  Discussion and Recommendations
3.1  Site Presentation
The presentation of the Gordion Citadel to the public is one of the most pressing issues 
at Gordion.  The presentation of the site should also be considered within the overall 
context of heritage management in the region.  Without due consideration to the town 
of Yassıhöyük, the Gordion Museum, Tumulus MM and the urban centers of Polatlı and 
Ankara, any intervention for the improvement of the visitor experience at Gordion would 
be less effective.  Therefore, it is important to look at the visitor management aspect of 
Gordion as comprehensively as possible.  Some considerations for advancing Gordion’s 
interpretation and site presentation are outlined below.


A marketing campaign is necessary to attract visitors to the site.  It  • 
 would be desirable to create a unifi ed design for all visitor materials, 
 which would necessitate the development of a Gordion ‘brand’ 
 that would include visitor circuit signage, directional signs, brochures, 
 guidebooks, a website and a logo.


It is important to consider the impact of increased tourism on   • 
 local residents.  Ethnographic data is readily available through   
 intensive research, which has been undertaken by Ayşe Gürsan-
 Salzmann.  It is also essential to incorporate this data into the heritage 
 management aspects of the area.  


Cooperative efforts with national and local governmental • 
 authorities are necessary in order to create a plan for the region 
 that takes large-scale issues—such as transportation and 
 economic incentives—into consideration.  It is also essential to 
 actively participate in any planning effort affecting the region and 
 promote sustainable preservation in the area.


It is important to develop inclusive histories of the region that • 
 incorporate recent events.  In addition to the ancient period of 
 signifi cance, interpretation of the recent history may help in 
 establishing local site stewardship.  


A clear strategy should be developed to defi ne the combined • 
 efforts of METU’s regional heritage management—led by Dr. 
 Evin Erder—and the University of Pennsylvania’s role in 
 conservation management.


3.2  General Improvements
The following are some considerations for the work to be completed at the Gordion 
Citadel, in addition to actions previously identifi ed in the conservation treatment plan.


Permanent signs—both freestanding and attached to the viewing • 
 platform—should be prepared and installed for visitors in the off-  
 season.
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The access points to the Citadel have to be designed to • 
 accommodate visitors arriving by car.  Thus, parking, directional 
 signage to parking and improvements to the dirt road that 
 encircles the mound are necessary.


3.3 Informal Feedback
Part of the intention of installing a prototype for the visitor circuit was to allow for 
feedback.  A summary of the informal feedback received from various parties, which 
included a government representative from the Museum of Anatolian Civilizations 
and several site archaeologists, is provided below.  However, it may be useful to also 
develop a forum for receiving offi cial feedback from more stakeholders, such as local 
village residents and site visitors.


Feedback pertaining to the reception of the visitor circuit prototype:


People expressed a general appreciation for the conservation   • 
 work. 


There was a general appreciation of the amount of work that was  • 
 accomplished in a single fi eld season.  


Material theft:  Some concern was raised about possible theft of   • 
 materials from both the railing and wayside viewing platforms.


Durability of the perimeter railings:  There was concern that the wire • 
 used for the fence would lose its form easily if someone leaned or  
 stepped on it.  The cable used was better received as it retains its  
 form better than the wire. 


Storage of platforms:  As the space in the Gordion Excavation House • 
 is limited, there was concern over storage availability.  This issue  
 will become more pressing when construction and installation of all 
 ten wayside viewing platforms is completed.


Visitor fl ow:  this was a concern for the second platform as it does  • 
 not allow the visitors to enter from one end and exit from the other.  


Location of platform at Sign 2:  It was suggested that this platform  • 
 should be located on the other side of the path as it faces Tumulus  
 MM.








APPENDIX J:  Six-Year Conservation Treatment 
Plan Matrix







2007 2008 2009 2010 2011 2012
Location Task/Area Task Item Year 1 Year 2 Year 3 Year 4 Year 5 Year 6


Review conditions of escarpments Stabilize Area A Stabilize Area B Stabilize Area C


Develop a "Schedule Plan" to define areas of work to be 
undertaken in next 4 years: Phase 1‐4 (Upenn)


Determine amount of work that can be undertaken in one 
season, chart progress of work in season, revise "Schedule 
Plan" if necessary


Chart progress of work undertaken during season and 
revise "Schedule Plan" if necessary; refer to A4.0 for 
corresponding schedule plans


Chart progress of work undertaken during season and 
revise "Schedule Plan" if necessary


Discussion of appropriate treatment methods for 
stabilization with Director, archaeologists, etc.


Define quantities of treatments Design retaining walls w/options; Include cost estimate; 
Submit for approval; Assess treatment methods for Area A


Design retaining walls w/options; Include cost estimate; 
Submit for approval; Assess treatment methods for Area B


Design retaining walls w/options; Include cost estimate; 
Submit for approval; Assess treatment methods for Area C


Select contractor for earth movement and construction of 
retaining walls in Area A


Monitor retaining walls


Indicate critical areas of fence in need of immediate 
stabilization ‐‐‐‐ ‐‐‐‐ ‐‐‐‐ ‐‐‐‐


Research fences used at other sites (with local materials)


Retain designer for new fence


Shelters & Lookouts Research shelters/lookouts used at other sites Determine locations for shelters/lookouts; Establish 
visitor path around site; Retain designer for 
shelters/lookouts


Submit design proposal to B. Rose and K. Sams; Develop 
cost estimate; Install prototype


Begin construction of shelters/lookouts in Area A Continue construction of shelters/lookouts; Evaluate new 
shelters/lookouts in Area B


Continue construction of shelters/lookouts; Evaluate new 
shelters/lookouts in Area C


Review signs Develop narratives with Brian Rose & Ken Sams Design of signs ‐ including locations


Establish goals and needs of site Establish program of signs at site Install prototypes Installation of new interpretive signs in Areas A‐C Evaluate interpretive signs in Areas A‐C Evaluate interpretive signs in Areas A‐C


Laser scanning general site and gate Laser scanning/rectified photo‐elevations of walls; 
condition survey


Continue laser scanning/rectified photo‐elevations of 
walls and condition survey


Emergency shoring Treatment Treatment evaluation


Record and backfill selected trenches in Area A Record and backfill selected trenches in Area B Record and backfill selected trenches in Area C


Structual analysis by engineer Retain engineer to test soil & masonry Develop appropriate monitoring methods Monitor Develop appropriate stabilization method Implement stabilization program and continue monitoring


Establish monitoring system and evaluate cost Implement monitoring system to retrieve data for 1 year 
minimum


If movement is found, develop structural stabilization 
program; retain structural engineer, submit for approval


Implement stabilization program and continue monitoring


Documentation Coordinate laser scanning documentation effort & 
equipment


Documentation of North and South Court structures by 
laser scanner


Field verification of documentation Finalize report


‐‐‐‐


Scaffolding / Shoring Structual analysis by engineer Establish if scaffolding remains or should be reinforced or 
removed


Remove scaffolding Implement shoring plan Evaluate performance of shoring design Remove shoring


Rubble Fill Stabilization Structual analysis by engineer Design proposal for stabilization by geotechnical engineer; 
Submit for approval; Temporary stabilization


Coordination of design with site interpretation plan Implement stabilization design for rubble Evaluation of stabilization design


‐‐‐‐


Evaluation of current concrete capping by structural 
engineer


Design new capping system; Implement capping system at 
Pilot Area


Design new capping system; Implement capping system at 
Pilot Area


Implementatin of new capping system at the north pylon Continue maintenance and evaluation of new capping 
system ‐‐‐‐


Establish monitoring system for current capping Implementation of capping monitoring system Evaluation of capping monitoring system Evaluation of capping monitoring system Evaluation of capping monitoring system; implementation 
of capping system at the south pylon


Implementation of capping system at the south pylon


Review Year 1 (2006) Review Year 2 (2007); Collect seeds and create mud balls Collect seeds and create mud balls
‐‐‐‐ ‐‐‐‐


Evaluate one year performance of cappings and slopes in 
2006; Plant mudballs at Section 2


Evaluate two year peformance of cappings and slopes in 
2006; Plant mudballs at Section 2 slopes


Establish vegetation plan for all capping and slopes; 
Implement capping and slope system


Plant mudballs at all cappings and slopes Evaluate progress of mudballs and slopes


Soil, sand, and water analysis at UPenn Document, survey, and rebury TB2 sections Implement treatment program for TB2 Evaluate TB2


TB3‐5 Document TB3‐5, survey, stabilize


TB6‐8 Document TB6‐7; discuss stabiliation plan alternatives, 
including steps; survey, stabilize


Open TB8 and TB1, survey conditions and begin 
implementation of stabilization plan; coordinate with 
stabilization of escarpments


MEGARONS General Documentation & 
Conservation ‐‐‐‐ ‐‐‐‐


Document and survey existing conditions of all Megaron 
2; Establish stabilization plan


Implement stabilization plan


MEGARON 2 MOSAIC Survey condition, sample, and analyze museum and 
Megaron 2 mosaics


Test and implement treatment plan Treatment plan; replica in Megaron 2


PPB General Documentation & 
Conservation ‐‐‐‐ ‐‐‐‐


Document and survey existing conditions of all PPB; 
Establish stabilization plan


Implement stabilization plan


CC BLDG General Documentation & 
Conservation ‐‐‐‐ ‐‐‐‐


Document and survey existing conditions of all CC Bldg; 
Establish stabilization plan


Implement stabilization plan


CITADEL WALLS Condition survey and emergency stabilization and 
monitoring; stone analysis; Laser scanning of walls


Initiate treatment plan


MOSAIC BUILDING Investigate and document mosaic pavement; analyze and 
develop treatment plan


Complete treatment plan


Evaluate new fence and steps in Area C


Capping


TB TB2 Data Loggers


Presentation & 
Interpretative Signs


Recording Laser Scanning


GATE North and South Courts Structural Stabilization


6‐Year Conservation Treatment Plan MATRIX
Gordion Excavation Project ‐ Architectural Conservation Laboratory


SITE Escarpments Stabilization


Visitor Circuit Fence and Steps


Develop design for new fence (incl. viewing platforms) 
with cost estimate and submit for approval


Install fence and step prototype at north steps Install Visitor Circuit fencing and steps in Area A Evaluate new fence and steps in Area B







A
STABILIZE ESCARPMENTS 
AND RUBBLE FILL
BACKFILL PIT
MONITOR GATE
STABILIZE TB 2-5


B
STABILIZE ESCARPMENTS
STABILIZE TB 6-8 AND STAIRCASE


C
STABILIZE ESCARPMENTS
CONSTRUCT RETAINING WALLS
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Material Safety Data Sheet 


Section 1: PRODUCT AND COMPANY INFORMATION 


Product Name(s):  Lafarge Hydrated Lime 


Product Identifiers:  Hydrated Lime, Slaked Lime, Dolomitic Hydrated Lime, Lime, Caustic Lime, Lime 
Hydrate, Calcium Hydroxide, Calcium Dihydroxide, Calcium Magnesium Hydroxide, 
Type N Lime, Type S Lime 


Manufacturer: Information Telephone Number:
Lafarge North America Inc. 703-480-3600 (9am to 5pm EST)  
12950 Worldgate Drive, Suite 500 Emergency Telephone Number: 
Herndon, VA 20170 1-800-451-8346 (3E Hotline) 


Product Use: Hydrated lime is used as an additive for mortar, cement, concrete and concrete 
products. It is also used in soil stabilization, as an anti-stripping agent in asphalt, for 
pH adjustment, and in other products that are widely used in construction.  


Note:  This MSDS covers many types of hydrated lime. Individual composition of hazardous 
constituents will vary between types of hydrated lime.   


Section 2: COMPOSITION/INFORMATION ON INGREDIENTS 


Component  Percent
(By Weight)


CAS
Number 


OSHA PEL -TWA 
(mg/m3)


ACGIH TLV-TWA 
(mg/m3)


LD50 (mouse) LC50


Calcium Hydroxide 50-95 1305-62-0 15 (T); 5 (R) 5 (T) 7300mg/kg, oral NA
Magnesium Hydroxide 0-50 1309-42-8 NA NA 8500mg/kg, oral NA


Calcium Oxide 0-5 1305-78-8 5 (T) 2 (T) 3059 mg/kg, 
intraperitoneal NA


Magnesium Oxide 0-5 1309-48-4 15 (T) 10 (T) NA NA
Calcium Carbonate* 0-3 1317-65-3 15 (T), 5 (R) 10 (T) NA NA


Crystalline Silica 0-1 14808-60-7 [(10) / (%SiO2+2)] (R); 
[(30) / (%SiO2+2)] (T) 0.025 (R) NA NA


Note:  Exposure limits for components noted with an * contain no asbestos and <1% crystalline silica 


Hydrated lime is produced from the slow addition of water to crushed or ground quicklime (calcium oxide) 
which is produced by burning various forms of limestone. Trace amounts of chemicals may be detected 
during chemical analysis. For example, hydrated lime may contain trace amounts of iron oxide, aluminum 
oxide, fluoride compounds, and other trace compounds. 


Section 3: HAZARD IDENTIFICATION 


Waterproof 
Gloves


Waterproof 
Boots


Eye 
Protection


Respiratory 
Protection


WARNING
Corrosive - Causes severe burns. 


Toxic - Harmful by inhalation.    
(Contains crystalline silica) 


Use proper engineering controls, work 
practices, and personal protective equipment 


to prevent exposure to wet or dry product. 


Read MSDS for details. 
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Section 3: HAZARD IDENTIFICATION (continued) 


Emergency Overview:  Hydrated lime is a granular, white or grey, odorless powder. It is not combustible or 
explosive. A single, short-term exposure to the dry powder presents little or no 
hazard. Exposure of sufficient duration to hydrated lime can cause serious, 
potentially irreversible tissue (skin, eye, respiratory tract) damage due to chemical 
(caustic) burns, including third degree burns.  


Potential Health Effects: 


Eye Contact: Airborne dust may cause immediate or delayed irritation or inflammation. Eye contact 
with large amounts of dry powder or with wet hydrated lime can cause moderate eye 
irritation, chemical burns and blindness. Eye exposures require immediate first aid 
and medical attention to prevent significant damage to the eye. 


Skin Contact: Hydrated lime may cause dry skin, discomfort, irritation, and severe burns.  


Burns: Exposure of sufficient duration to wet hydrated lime, or to dry hydrated lime on moist 
areas of the body, can cause serious, potentially irreversible damage to skin, eye, 
respiratory and digestive tracts due to chemical (caustic) burns, including third 
degree burns. A skin exposure may be hazardous even if there is no pain or 
discomfort.  


Inhalation (acute):   Breathing dust may cause nose, throat or lung irritation, including choking, depending 
on the degree of exposure. Inhalation of high levels of dust can cause chemical 
burns to the nose, throat and lungs. 


Inhalation (chronic):   Risk of injury depends on duration and level of exposure. 


Silicosis: This product contains crystalline silica. Prolonged or repeated inhalation of respirable 
crystalline silica from this product can cause silicosis, a seriously disabling and fatal 
lung disease. See Note to Physicians in Section 4 for further information. 


Carcinogenicity: Hydrated lime is not listed as a carcinogen by IARC or NTP; however, hydrated lime 
contains trace amounts of crystalline silica which is classified by IARC and NTP as 
known human carcinogen. 


Autoimmune  Some studies show that exposure to respirable crystalline silica (without silicosis) or 
Disease: that the disease silicosis may be associated with the increased incidence of several 


autoimmune disorders such as scleroderma (thickening of the skin), systemic lupus 
erythematosus, rheumatoid arthritis and diseases affecting the kidneys. 


 Tuberculosis: Silicosis increases the risk of tuberculosis.  


 Renal Disease: Some studies show an increased incidence of chronic kidney disease and end-stage 
renal disease in workers exposed to respirable crystalline silica. 


Ingestion: Do not ingest hydrated lime. Although ingestion of small quantities of hydrated lime is 
not known to be harmful, large quantities can cause chemical burns in the mouth, 
throat, stomach, and digestive tract.  


Medical Conditions  Individuals with lung disease (e.g. bronchitis, emphysema, COPD, pulmonary  
Aggravated by Exposure: disease) can be aggravated by exposure.  
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Section 4: FIRST AID MEASURES 


 Eye Contact:   Rinse eyes thoroughly with water for at least 15 minutes, including under lids, to 
remove all particles. Seek medical attention for abrasions and burns. 


 Skin Contact:   Wash with cool water and a pH neutral soap or a mild skin detergent. Seek medical 
attention for rash, burns, irritation, and prolonged unprotected exposures to wet 
hydrated lime, cement, cement mixtures or liquids from wet cement. 


Inhalation:  Move person to fresh air.  Seek medical attention for discomfort or if coughing or 
other symptoms do not subside. 


Ingestion:   Do not induce vomiting. If conscious, have person drink plenty of water.  Seek 
medical attention or contact poison control center immediately.  


Note to Physician:  The three types of silicosis include: 


 Simple chronic silicosis – which results from long-term exposure (more than 
20 years) to low amounts of respirable crystalline silica. Nodules of chronic 
inflammation and scarring provoked by the respirable crystalline silica form in 
the lungs and chest lymph nodes. This disease may feature breathlessness 
and may resemble chronic obstructive pulmonary disease (COPD). 


 Accelerated silicosis – occurs after exposure to larger amounts of respirable 
crystalline silica over a shorter period of time (5-15 years). Inflammation, 
scarring, and symptoms progress faster in accelerated silicosis than in 
simple silicosis.  


 Acute silicosis – results from short-term exposure to very large amounts of 
respirable crystalline silica. The lungs become very inflamed and may fill with 
fluid, causing severe shortness of breath and low blood oxygen levels.  


Progressive massive fibrosis may occur in simple or accelerated silicosis, but is more 
common in the accelerated form. Progressive massive fibrosis results from severe 
scarring and leads to the destruction of normal lung structures. 


Section 5: FIREFIGHTING MEASURES 


Flashpoint & Method: Non-combustible 


General Hazard: Avoid breathing dust. 
Hydrated lime is caustic. 


Firefighting Equipment: Hydrated lime poses no fire-
related hazard.  A SCBA is 
recommended to limit 
exposures to combustion 
products when fighting any 
fire.Extinguishing Media: Use extinguishing media 


appropriate for 
surrounding fire. Combustion Products: None. 


Section 6: ACCIDENTAL RELEASE MEASURES 


General:   Place spilled material into a container.  Avoid actions that cause the hydrated lime to 
become airborne.  Avoid inhalation of hydrated lime and contact with skin.  Wear 
appropriate protective equipment as described in Section 8.  Scrape wet hydrated 
lime and place in container.  Allow material to dry or solidify before disposal. Do not 
wash hydrated lime down sewage and drainage systems or into bodies of water (e.g. 
streams).   


Waste Disposal Method: Dispose of hydrated lime according to Federal, State, Provincial and Local 
regulations.  
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Section 7: HANDLING AND STORAGE 


General:   Keep bulk and bagged hydrated lime dry until used. Stack bagged material in a 
secure manner to prevent falling.  Bagged material is heavy and poses risks such as 
sprains and strains to the back, arms, shoulders and legs during lifting and mixing.  
Handle with care and use appropriate control measures.   


Engulfment hazard. To prevent burial or suffocation, do not enter a confined space, 
such as a silo, bin, bulk truck, or other storage container or vessel that stores or 
contains hydrated lime. Hydrated lime can buildup or adhere to the walls of a 
confined space. The hydrated lime can release, collapse or fall unexpectedly.  


Usage: Cutting, crushing or grinding hardened cement, concrete or other crystalline silica-
bearing materials will release respirable crystalline silica. Use all appropriate 
measures of dust control or suppression, and Personal Protective Equipment (PPE) 
described in Section 8 below. 


Housekeeping: Avoid actions that cause the hydrated lime to become airborne during clean-up such 
as dry sweeping or using compressed air. Use HEPA vacuum to clean-up dust.  Use 
PPE described in Section 8 below. 


Storage Temperature:   Unlimited.      Storage Pressure:  Unlimited.


Storage: Sore in a cool, dry and well ventilated location. Do not store near incompatible 
materials. Keep away from moisture. Do not store or ship in aluminum containers.  


Clothing:   Promptly remove and launder clothing that is dusty or wet with hydrated lime. 
Thoroughly wash skin after exposure to dust or wet hydrated lime. 


Section 8: EXPOSURE CONTROLS AND PERSONAL PROTECTION 


Engineering Controls:  Use local exhaust or general dilution ventilation or other suppression methods to 
maintain dust levels below exposure limits. 


Personal Protective Equipment (PPE): 


 Respiratory   Under ordinary conditions no respiratory protection is required.  Wear a NIOSH 
 Protection: approved respirator that is properly fitted and is in good condition when exposed to  
  dust above exposure limits. 


 Eye Protection:   Wear ANSI approved glasses or safety goggles when handling dust or wet hydrated 
lime to prevent contact with eyes. Wearing contact lenses when using hydrated lime, 
under dusty conditions, is not recommended. 


 Skin Protection:   Wear gloves, boot covers and protective clothing impervious to water to prevent skin 
contact. Do not rely on barrier creams, in place of impervious gloves.  Remove 
clothing and protective equipment that becomes saturated with wet hydrated lime and 
immediately wash exposed areas. 


Section 9: PHYSICAL AND CHEMICAL PROPERTIES 


Physical State: Solid (powder). Evaporation Rate: NA.
Appearance: White or grey powder. pH (in water): 12-13
Odor: None. Boiling Point: >1000o C
Vapor Pressure: NA. Freezing Point: None, solid.
Vapor Density: NA. Viscosity: None, solid.
Specific Gravity: 2-3 Solubility in Water: Negligible
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Section 10: STABILITY AND REACTIVITY 


Stability:   Stable, but reacts slowly with carbon dioxide to form calcium and magnesium 
carbonate. Keep dry until use. Hydrated lime may react with water, resulting in a 
slight release of heat, depending on the amount of lime (Calcium oxide) present. 
Avoid contact with incompatible materials. 


Incompatibility:   Wet hydrated lime and cement is alkaline and is incompatible with acids, ammonium 
salts and aluminum metal. Hydrated lime and cement dissolves in hydrofluoric acid, 
producing corrosive silicon tetrafluoride gas. Hydrated lime and cement reacts with 
water to form silicates and calcium hydroxide. Silicates react with powerful oxidizers 
such as fluorine, boron trifluoride, chlorine trifluoride, manganese trifluoride, and 
oxygen difluoride. 


Hazardous Polymerization: None.    


Hazardous Decomposition: Hydrated lime will decompose at 540ºC to produce calcium oxide (quicklime), 
magnesium oxide, and water.  


Section 11 and 12: TOXICOLOGICAL AND ECOLOGICAL INFORMATION 


For questions regarding toxicological and ecological information refer to contact information in Section 1. 


Section 13: DISPOSAL CONSIDERATIONS 


Dispose of waste and containers in compliance with applicable Federal, State, Provincial and Local regulations.   


Section 14: TRANSPORT INFORMATION 


This product is not classified as a Hazardous Material under U.S. DOT or Canadian TDG regulations. 


Section 15: REGULATORY INFORMATION 


OSHA/MSHA Hazard    This product is considered by OSHA/MSHA to be a hazardous chemical and should 
Communication: be included in the employer's hazard communication program. 


CERCLA/SUPERFUND: This product is not listed as a CERCLA hazardous substance.


EPCRA This product has been reviewed according to the EPA Hazard Categories 
SARA Title III: promulgated under Sections 311 and 312 of the Superfund Amendment and 


Reauthorization Act of 1986 and is considered a hazardous chemical and a delayed 
health hazard. 


EPRCA This product contains none of the substances subject to the reporting requirements of  
SARA Section 313:    Section 313 of Title III of the Superfund Amendments and Reauthorization Act of 


1986 and 40 CFR Part 372. 


RCRA: If discarded in its purchased form, this product would not be a hazardous waste 
either by listing or characteristic.  However, under RCRA, it is the responsibility of the 
product user to determine at the time of disposal, whether a material containing the 
product or derived from the product should be classified as a hazardous waste. 


TSCA: Hydrated lime and crystalline silica are exempt from reporting under the inventory 
update rule. 


California Crystalline silica (airborne particulates of respirable size) is known by the State
Proposition 65: of California to cause cancer. 
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Section 15: REGULATORY INFORMATION (continued) 


WHMIS/DSL: Products containing crystalline silica and calcium carbonate are classified as D2A, E 
and are subject to WHMIS requirements. 


Section 16: OTHER INFORMATION 


Abbreviations: 
> Greater than NA Not Applicable 


ACGIH American Conference of Governmental  
Industrial Hygienists NFPA National Fire Protection Association 


CAS No Chemical Abstract Service number NIOSH National Institute for Occupational Safety 
and Health 


NTP National Toxicology Program 
CERCLA 


Comprehensive Environmental 
Response, Compensation and Liability 
Act OSHA Occupational Safety and Health 


Administration 
CFR Code for Federal Regulations PEL Permissible Exposure Limit 
CL Ceiling Limit pH Negative log of hydrogen ion 
DOT U.S. Department of Transportation PPE Personal Protective Equipment 
EST Eastern Standard Time R Respirable Particulate 
HEPA High-Efficiency Particulate Air RCRA Resource Conservation and Recovery Act 


HMIS Hazardous Materials Identification 
System SARA Superfund Amendments and 


Reauthorization Act 
T Total Particulate IARC International Agency for Research on 


Cancer TDG Transportation of Dangerous Goods 
LC50 Lethal Concentration TLV Threshold Limit Value 
LD50 Lethal Dose TWA Time Weighted Average (8 hour) 
mg/m3 Milligrams per cubic meter 
MSHA Mine Safety and Health Administration 


WHMIS Workplace Hazardous Materials 
Information System 


This MSDS (Sections 1-16) was revised on March 1, 2008.  


An electronic version of this MSDS is available at: www.lafarge-na.com under the Products section. 


Lafarge North America Inc. (LNA) believes the information contained herein is accurate; however, LNA makes no 
guarantees with respect to such accuracy and assumes no liability in connection with the use of the information 
contained herein which is not intended to be and should not be construed as legal advice or as insuring 
compliance with any federal, state or local laws or regulations. Any party using this product should review all such 
laws, rules, or regulations prior to use, including but not limited to US and Canada Federal, Provincial and State 
regulations. 


NO WARRANTY IS MADE, EXPRESS OR IMPLIED, OF MERCHANTABILITY, FITNESS FOR A PARTICULAR 
PURPOSE, OR OTHERWISE.
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Presentación


CARACTERÍSTICAS TÉCNICAS


PRODUCTO FONDALINE 500 FONDALINE GEOTEXTIL


Propiedades químicas Indegradable y neutro por las aguas pluviales


Estabilidad a las temperaturas Desde -30 °C hasta +80 °C


Resistencia al subsuelo                        A los golpes, raíces y todos los agentes químicos del terreno


Bicolor                                                               Negro contra el muro y verde contra el terreno


Accesorios de colocación Perfiles angulares y rosetas


Material de origen Polietileno de alta densidad + geotextil


Resistencia a la compresión 150 K.N./m2 aprox. 250 K.N./m2 aprox.


Altura relieves 8 mm. aprox. 8 mm. aprox.


Espesor 0,6 mm. aprox. 0,8 mm. aprox


Peso 500 grs./m2 aprox. 700 grs./m2 aprox.


Longitud de rollos 25 m. lineales 20 m. lineales


Altura rollos 1,1 - 1,5 - 2,2 - 3 m. 2,2 m.


Fondaline tiene cada cara de un color, para que su colocación resulte inequívoca. La cara negra se colocará


contra la estructura y la verde contra el terreno. Se coloca muy fácilmente, superponiendo los relieves semicónicos


de los rollos.


Colocación


1. MUROS VERTICALES


Se extiende el Fondaline sobre la impermeabilización (opcional), con la parte


negra contra el muro y la verde contra la tierra. La fijación se hace con ROSETAS


Fondaline y clavos de acero. Las sobreposiciones serán de 10 a 20 cm. La


protección del borde superior se realiza con PERFIL ANGULAR Fondaline. El


dreno inferior se realiza con un tubo de drenaje. Finalmente se procederá al


enterrado del muro.


2. PARED INTERIOR


Su instalación es la misma que en los muros verticales. Una vez fijado,


colocaremos encima un material adecuado para la fijación del revoco. El dreno


de la parte inferior se realiza con un tubo de drenaje. Finalmente procederemos


al revoco de la pared.


3. TÚNELES


Las láminas de polietileno Fondaline consiguen un sistema de DRENAJE de


las paredes interiores y exteriores de los túneles. Impide la caída de agua


procedente de las filtraciones o fuga de los conductos. RESISTE a los ÁCIDOS


del subsuelo y a la acción de las RAÍCES.


Se fijan las láminas Fondaline a la bóveda y a las paredes laterales. Las


sobreposiciones serán de 10 a 20 cm. La colocación en el exterior del túnel


es la misma que en los muros verticales. Sobre el Fondaline  podremos aplicar


la capa de material de revestimiento según las técnicas habituales.


4. SUELOS


Fondaline actúa como AISLANTE ACÚSTICO de FÁCIL APLICACIÓN, que evita


filtraciones en los pisos inferiores y sustituye las capas de limpieza. Una vez


instalado se cubre con hormigón.


Fondaline es una membrana de polietileno de alta densidad (PEHD) de fácil aplicación, que protege física y


químicamente las estructuras en contacto con la tierra. Está formado por relieves semicónicos que forman una cámara,


entre el terreno y el muro, que permite la circulación de aire y vapor de agua.


Fondaline desarrolla una acción anti-raices y de resistencia a la compresión, tolera las bajas temperaturas y es


inalterable por los agentes químicos presentes en el terreno.


Fondaline tiene diversas aplicaciones:


• Protección de estructuras enterradas.


• Protección de la impermeabilización de obras subterráneas.


• Protección de revestimientos de túneles.


• Barrera protectora en los pavimentos en contacto con el suelo.


• Barrera fonoaislante sobre entablados o entarimados, entrepisos, etc.
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Temperature/RH Smart Sensor (S-THB-M00x) 


The Temperature/RH smart sensor is designed to work 
with smart sensor-compatible HOBO® data loggers. All 
sensor parameters are stored inside the smart sensor, 
which automatically communicates configuration 
information to the logger without any programming, 
calibration or extensive user setup. 


Specifications Temperature RH 
Measurement Range -40°C to 75°C (-40°F to 167°F) 0-100% RH at -40° to 75°C  


(-40° to 167°F); exposure to 
conditions below -20°C (-4°F) or 
above 95% RH may temporarily 
increase the maximum RH sensor 
error by an additional 1% 


Accuracy 0.2°C over 0° to 50°C (0.36°F over 
32° to 122°F); see Figure 1 


± 2.5% from 10 to 90%; see Figure 2 
for full range 


Resolution 0.02°C at 25°C (0.04°F at 77°F); see 
Figure 1 


0.1% RH at 25°C (77°F) 


Bits Per Sample 12 10 
Drift < 0.1°C (0.18°F) per year < 1% per year typical; hysteresis 1% 
Response Time 5 minutes in air moving 1 m/sec 10 minutes in air moving 1 m/sec with 


protective cap 
Operating Temperature Range -40°C to +75°C (-40°F to +167°F) 
Environmental Rating Weatherproof: 0 to 100% RH intermittent condensing environments. For best 


results, the Temp/RH Smart Sensor should be mounted inside a protective 
enclosure, such as a solar radiation shield. 


Housing PVC cable jacket with ASA styrene polymer RH sensor cap; modified 
hydrophobic polyethersulfone membrane 


Sensor Dimensions 10 x 35 mm (0.39 x 1.39 in) 
Weight S-THB-M002 - 110 g (3.88 oz);  


S-THB-M008 - 180 g (6.35 oz) 
Number of Data Channels * 2 
Measurement Averaging Option No 
Cable Lengths Available 2.5 m (8.2 ft); 8 m (26.2 ft) 
Length of Smart Sensor Network 
Cable * 


0.5 m (1.6 ft); 6 m (19.6 ft) 


Part Numbers S-THB-M002, S-THB-M008 


 Specification This product meets CE specification EN61326 criterion C for ESD, criterion C for 
Radiated Immunity, criterion C for Fast Transient, criterion B for Conducted Immunity, 
criterion A for Power Frequency Magnetic Fields, and Radiated Emissions Group 1, 
Class B. To minimize measurement errors due to ambient RF, use the shortest possible 
probe cable length and keep the probe cable as far as possible from other cables. 


 


*  A single smart sensor-compatible HOBO logger can accommodate 15 data channels and up to 100 m (325 ft) of smart sensor 
cable (the digital communications portion of the sensor cables). 
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Soil Moisture Smart Sensors (S-SMx-M005) 


The Soil Moisture smart sensor is 
used for measuring soil water content 
and is designed to work with smart 
sensor-compatible HOBO® data 
loggers. It combines the innovative 
ECH2O® Dielectric Aquameter probe, 
from Decagon Devices, Inc. with 
Onset’s smart sensor technology. All 
sensor parameters are stored inside 
the smart sensor adapter, which 
automatically communicates configuration information to the logger without any programming or 
extensive user setup. 


Specifications S-SMA-M005 S-SMB-M005 S-SMC-M005 
Measurement 
Range 


In soil: 0 to 0.405 m³/m³ (0 to 
saturated volumetric water 
content) 
Extended range: -0.29 to 
1.4475 m³/m³ (full scale) 
See note 1  


In soil: 0 to 0.450 m³/m³ (0 to 
saturated volumetric water 
content) 
Extended range: -0.376 to 
1.964 m³/m³ (full scale)  
See note 1  


In soil: 0 to 0.550 m³/m³ (0 to 
saturated volumetric water 
content) 
Extended range: -0.401 to 
2.574 m³/m³ (full scale)  
See note 1  


Accuracy  ±0.041 m³/m³ (±4%) typical 0 
to +50°C (+32° to +122°F); 
±0.020 m³/m³ (±2%) with soil 
specific calibration; 
See note 2 on next page 


±0.041 m³/m³ (±4%) typical 0 
to +50°C (+32° to +122°F); 
±0.020 m³/m³ (±2%) with soil 
specific calibration; 
See note 2 on next page 


±0.031 m³/m³ (±3%) typical 0 
to +50°C (+32° to +122°F); 
±0.020 m³/m³ (±2%) with soil 
specific calibration;  
See note 3 on next page 


Resolution ±0.0004 m³/m³ (±0.04%) ±0.0006 m³/m³ (±0.06%) ±0.0007 m³/m³ (±0.07%) 
Soil Probe 
Dimensions 


254 x 32 x 1.0 mm  
(10 x 1.25 x 0.04 in.) 


152 x 32 x 1.0 mm  
(6 x 1.25 x 0.04 in.) 


89 x 15 x 1.5 mm  
(3.5 x 0.62 x 0.06 in.) 


Weight 200 grams (7.0 oz) 190 grams (6.7 oz) 180 grams (6.3 oz) 
Decagon ECH2O 
Probe Part No. 


EC-20 EC-10 EC-5 
 


Specifications All models 
Sensor Operating Temperature 0° to +50°C (+32° to +122°F). While the sensor probe and cable can safely 


operate at below-freezing temperatures (to -40°C/F) and up to +75°C 
(+167°F), the soil moisture data collected at these extreme temperatures is 
outside of the sensor’s accurate measurement range. 


Bits per Sample 12 
Number of Data Channels * 1  
Measurement Averaging Option No 
Cable Length Available 5 m (16 ft) 
Length of Smart Sensor Network 
Cable * 


0.5 m (1.6 ft) 


 Specification This product meets CE specification EN61326 criterion C for ESD, criterion C for 
Radiated Immunity, criterion C for Fast Transient, criterion B for Conducted Immunity, 
criterion A for Power Frequency Magnetic Fields, and Radiated Emissions Group 1, 
Class B. To minimize measurement errors due to ambient RF, use the shortest possible 
probe cable length and keep the probe cable as far as possible from other cables. 


*  A single smart sensor-compatible HOBO logger can accommodate 15 data channels and up to 100 m (328 ft) of 
smart sensor cable (the digital communications portion of the sensor cables). 


Note 1: The sensor is capable of providing readings outside the standard volumetric water content range. This is 
helpful in diagnosing sensor operation and installation. See the Operation section below for more details. 







SOURCE: http://www.pobonline.com/CDA/Archives/BNP_GUID_9-5-
2006_A_10000000000000081102 


 


Trimble Unveils the Trimble VX Spatial Station 


 


 


Addressing the need for more geospatial data by businesses, organizations and government entities 


across the globe, coupled with the need for accurate terrestrial information, Trimble launched its 


new spatial imaging solution at the end of January: the VX Spatial Station. A product demonstration 


was provided for the media at a movie theatre near the company’s Westminster, Colo., office in 


early February. The message delivered during the demonstration was not only about a single 


product, but a new focused group of solutions for the surveying community as well. 


 


The Trimble VX Spatial Station offers a survey-grade solution and a visual tool for various data 


recipients by combining total station technology (including reflectorless EDM), scanning and video 


functions in one sensor package. While total stations, scanners and GPS units on the market today 


can provide focused technology to address particular applications for a variety of industries, the 


Trimble VX Spatial Station offers a flexible tool to allow users to produce deliverables with one 


multi-purpose tool, where approaching the project with an array of separate technologies would be 


expensive, cumbersome or time-consuming. Trimble asserts the unit will serve as a tool for 


surveyors, mappers and other geospatial professionals to expand their business opportunities when 


these conditions exist. 


 


With Trimble’s announced acquisition of photogrammetry and digital surface modeling provider 


INPHO GmbH of Stuttgart, Germany, a couple of weeks prior to the VX Spatial Station launch, a 


new portfolio of technology solutions is ramping up. Trimble’s survey solutions are now placed into 


two portfolios or groups: Integrated Surveying (IS) and Spatial Imaging (SI). The Integrated 


Surveying portfolio includes the solutions for single points, maps, 2D drawings and high-accuracy 


positioning (its total stations and GPS units). Spatial Imaging encompasses tools for shapes, 


images, 3D models and visualization (including the Trimble GX 3D laser scanner). The Trimble VX 


Spatial Station is housed in the SI group, although it bridges both portfolios. The product’s strength 


lies in combining some of its notable new technologies with reliable and familiar solutions from 


previous products. 


 


 


 


 


Built on Earlier Technologies  


 


The Trimble VX Spatial Station is built on Trimble’s patented MagDrive servos found on its Trimble 


S6 total station. MagDrive servos spin the instrument 100 degrees per second with smooth 







movement for precision pointing. The optical component of the VX Spatial Station includes all of the 


S6 capabilities minus the tracklight and delivers millimeter positioning accuracy. 


 


Technology derived from the Trimble GX 3D scanner serves as the scanning foundation of the VX 


Spatial Station to capture sub-centimeter level data. Some of the advantages of a scanner--speed, 


range, visuals and capturing a multitude of points--support the VX Spatial Station’s capability to 


measure objects in 3D to produce 2D and 3D data sets for spatial imaging projects. The new 


instrument can scan at an average speed of 5 points/second with speeds peaking up to 15 points 


per second at a range up to 150 m. The extraction software used with the Trimble GX 3D Scanner--


RealWorks--acts as the features interpretation tool of the VX Spatial Station as well, extracting 


attributes from the point cloud data representing the scene. The standard resolution scans can 


provide operators with richer data sets of information and generate more detailed deliverables for 


clients. The addition of scanned data with point data provides surveyors with the added information 


they need to help them work in the 3D data world. As more surveyors are added to the pool of 3D 


data users, this option may be appealing. 


 


Bluetooth wireless connectivity allows users to operate the unit without cables. USB communication 


can also be used and may be more viable for use of the new VISION video streaming technology, as 


radio connections slow down the streaming. 


 


 


Guided by New Technology  


 


Trimble’s new VISION technology serves as the visual tool of the VX Spatial Station. Users can 


stream digital images of a job at five frames per second through Trimble Survey Controller, Survey 


Pro or Trimble Survey Manager software that runs on either Trimble’s CU or TSU2 data controller. 


Operators can select target points for measuring using scanning or total station measurements by 


tapping the points defining the areas to be measured on the controller’s touch screen. By using the 


video imagery to identify target points for total station measurements and defining the areas to be 


scanned, the VX Spatial Station automatically associates the image with horizontal and vertical 


angle measurements. Data points are overlaid on the video display. These live video streams and 


color static image captures provide front-office players and clients with a visual context of jobsite 


data, and aid field workers to improve data collection tasks. With VISION, decision makers have 


detailed information about jobs, shared directly or exported to CAD. This functionality allows for 


increased speed in managing and reviewing project status. 


 


The video functions especially aid project decision-makers who, because of their relative distance 


from the site, may lack needed information from the data they receive that allows them to interpret 


or manage the data properly. 


 


The distance range for scanning is nominally 150 meters, but like any other optical measurement 


device, depends on the color and texture of the surface being scanned. If operators desire to 







capture a mosaic of still pictures of a project to monitor the progress, they can be set up at specific 


intervals: by distance (minimum 1 cm between shots), by preset time intervals and by setting the 


data collection software to capture an image for every conventional point measured. Images are 


saved as .JPEG files. 


 


 


Joining Optical and Scanning  


 


The Trimble VX Spatial Station data is particularly aimed for the production of classic and enhanced 


2D drawings, 3D as-builts, inspection monitoring, clash detection and volume/surface calculations. 


 


Trimble says it isn’t attempting to draw customers away from full optical or full scanning solutions, 


and that if projects call for these tools, they should be utilized. The Trimble VX Spatial Station is a 


platform that combines these two technology solutions, supported with VISION technology, to 


provide a fuller solution. All of the solutions rolled out, Trimble says, are done so in the name of 


reducing rework and increasing productivity. 


 


The price of the Trimble VX Spatial Station is around $70,000. Web-based training is available. 
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Tyvek® brand protective material is a family of tough,
durable spunbonded olefin sheet products that are
stronger than paper and more cost-effective and 
versatile than fabrics. Made from high density 
polyethylene fibers, Spunbonded Olefin is an 
extremely versatile material, offering a balance 
of physical characteristics that combine the best 
properties of paper, film and cloth.


Spunbonded Olefin is formed by a continuous process
from very fine 0.5-10 µm fibers. (For purposes of
comparison, a human hair is about 75 µm in cross
section.) These nondirectional fibers (plexifilaments) 
are first spun and then bonded together by heat and
pressure, without binders. 


Spunbonded Olefin is strong, lightweight, flexible,
smooth, low-linting, opaque and resistant to water,
chemicals, abrasion and aging. Its unique combination
of properties makes Spunbonded Olefin ideal for a
broad range of applications.


A Choice of “Hard” or “Soft” Structure Types
for a Wide Range of Applications 


Spunbonded Olefin is produced in “hard” and “soft”
structure types. Type 10, a “hard,” area-bonded product,
is a smooth, stiff nondirectional paper-like substrate with
good printability in both sheet and roll form. 


Types 14 and 16 are “soft,” point-bonded products 
with an embossed pattern, providing a fabric-like flexible
substrate with good printability and tear resistance. 
Like Type 10, they have high opacity, excellent whiteness
and good surface stability. Sewing, gluing, and, to a
limited extent, ultrasonic seaming and heat sealing 
may be used in fabricating these styles.


Type 14 styles are used where barrier, durability and
breathability are required. They offer excellent splash
and dry protection against particulate matter and provide
an excellent bacterial barrier. The unique low-linting prop-
erties, combined with the barrier properties, 
make Type 14 an excellent material for cleanroom
apparel in pharmaceutical manufacture and electronic
device assembly.


Type 16 styles are pin perforated with 5-20 mil 
(0.13-0.51 mm) holes, giving them much higher air and
moisture permeability, additional softness, and greater
flexibility and drape than Type 14 styles, but at the
expense of lower tear strength and barrier properties.
Type 16 styles, when fabricated into garments, have
higher air permeability at the expense of barrier properties.
Typically, Type 16 styles are used in disposable, general-
purpose industrial garments, bags and packaging.


Corona and Antistatic Treatments 
Improve Adhesion, Printability and Handling


Most Spunbonded Olefin that will be printed on is
corona (discharge) treated to improve ink and coating
adhesion. This treatment oxidizes the surface and
increases the wettability of the surface to inks, 
coatings and adhesives. This treatment lasts more 
than 20 years.


To reduce the buildup of static electricity during sheet
and roll handling operations, some styles are also
coated with an antistatic agent. Spunbonded Olefin
destined for use in the packaging of sterile medical
devices is not corona treated nor antistated.


Type 10


Paper-like


Hard Structure


Area-bonded


Smooth Pattern


Stiff


Types 14 & 16


Fabric-like


Soft Structure


Point-bonded


Embossed Pattern


Flexible


The unique ability to resist air and water penetration, while allowing 
moisture vapor to pass through makes DuPont Tyvek® extremely popular
for providing protection, comfort and energy efficiency when used 
in residential and commercial construction.







A Unique Combination of Properties


The physical properties common to all three types 
of Tyvek® brand spunbonded olefin combine to 
make them ideal substrates for many printing and 
converting applications. 


OUTSTANDING CHEMICAL RESISTANCE
Spunbonded Olefin is inert to most acids, bases and
salts. Prolonged exposure to oxidizing substances, 
such as concentrated nitric acid or sodium persulfate,
will cause some loss of strength. Resistance to various
acids and bases; oxidizing and reducing agents; 
salt solutions; and organic solvents is summarized 
on pages 22-25.


WITHSTANDS DEFORMATION
Elevated temperatures increase the sensitivity 
to tension-caused width loss and deformation. 
For example, Style 1073D can withstand 1.5 lb/lineal in.
width (2.6 N/cm) tension at room temperature, but at
225˚F (107˚C), tension in excess of 0.6 lb/lineal in. width
(1.1 N/cm) will cause permanent deformation.


GOOD DIMENSIONAL STABILITY
Sheet dimensions change less than 0.01% between 
0 and 100% relative humidity at constant temperature.


FDA REQUIREMENTS
Styles 1059B and 1073B meet the requirements 
of Title 21 of the United States Code of Federal
Regulations (21 CFR 177.1520) for direct food contact    


applications (such as food packaging; desiccant, 
de-oxidizing agent or other “active packaging;” 


and direct contact labels) where 
the temperatures do not exceed 


212˚F (100˚C).


FLAMMABILITY
The flammability characteristics of Spunbonded Olefin,
a synthetic nonwoven material, are similar to those of
most synthetic fibers. 


When exposed to a flame, Spunbonded Olefin shrinks
away rapidly. If the flame is made to follow the shrinking
sheet, Spunbonded Olefin will melt at 275˚F (135˚C),
and if its auto-ignition temperature of 750˚F (400˚C) 
is reached, it will burn.


Type 10 Spunbonded Olefin is rated class “A” when
tested in accordance with ASTM E-84-89a.


Types 14 and 16 are rated “Class 1—Normal Flammability”
by the Federal Flammable Fabrics Act for Clothing
Textiles (16 CFR-1610). Spunbonded Olefin does not
pass DOC FF3-71, Children’s Sleepwear Test.*


Spunbonded Olefin and laminates of Spunbonded
Olefin are not intended for use in fire-retardant garments.
The user should ensure that Spunbonded Olefin meets 
all flammability standards for the application.


REMARKABLE FLEXIBILITY
Spunbonded Olefin has outstanding flexural strength
and will easily exceed 20,000 cycles when tested on 
an MIT flex tester (TAPPI method T-423).


LOW-LINTING
Because Spunbonded Olefin is composed of essentially
continuous fibers, it does not generate a significant
amount of lint particles under conditions of ordinary use.


LIGHT WEIGHT
Type 10 has a density of approximately 0.38 g/cc, 
which is only half as much as paper.


SUPERIOR MOISTURE RESISTANCE
The physical properties of Spunbonded Olefin are 
not affected by water; Spunbonded Olefin is equally
strong wet or dry under ordinary conditions and 
ambient temperature.


GOOD LIQUID BARRIER PROTECTION
Spunbonded Olefin with neither corona treatment nor 
antistatic agent (e.g., Style 1073B) has a hydrostatic
head in excess of 50 in. (127 cm). If antistat is applied,
the hydrostatic head will drop to 40-50 in. (102-127 cm).
Corona treated and antistated Spunbonded Olefin 
(e.g., Style 1073D) has a hydrostatic head that is less 
than 15 in. (38 cm).


PRODUCT PROPERTIES


* Spunbonded Olefin does not meet the requirements under the 
Federal Flammable Fabrics Act for Children’s Sleepwear, FF3-71 and FF5-74.
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Envelopes made of 
DuPont Tyvek® resist 
punctures, tears, and 
moisture better than any 
other envelope available.







HIGH OPACITY
The high opacity of Spunbonded Olefin is the result 
of multiple light refractions among the very fine 
polyethylene fibers and air within the densely packed
sheet structure.


WHITENESS
Spunbonded Olefin is one of the whitest materials 
available for printing. The GE Brightness of Spunbonded
Olefin (using the TAPPI Standard Test Method/
Technidyne Instrument) is 94.1. For purposes of compar-
ison, a pure titanium dioxide pellet measures 93.8. Color
value, or whiteness, is also defined by L,a,b values. The
Hunterlab Model D-25 color difference meter measures
the brightness, color components and whiteness. The
following values are typical for Type 10:


POROSITY
Compared with most textile fabrics, the air permeability
of Types 10 and 14 is low. Moisture-vapor transmission
is much higher than that of plastic films and similar to
that of coated papers.


EXCELLENT ROT & MILDEW RESISTANCE
Although mold and mildew can grow on Spunbonded
Olefin, it shows no degradation after being buried in soil
for an extended period. Clean Spunbonded Olefin will
not promote the formation of mildew.


SOILING
Resistance is high to soiling by waterborne soils, 
but is low to absorption of oils and greases. 
Types 14 and 16 can be laundered. For more 
information, contact DuPont at 1-800-448-9835.


NEUTRAL pH
Spunbonded Olefin has a neutral pH = 7. Therefore, 
it is neither acidic nor basic. The styles that are corona
treated and antistatic treated also have a pH = 7.


STATIC
In some processing steps, Spunbonded Olefin may
generate static electricity unless treated with antistatic
agents. These agents, while suppressing static generation
and increasing wettability, have no effect on sheet
strength. Most types and styles of Spunbonded Olefin
as supplied by DuPont are treated with antistatic
agents. All treated styles of Types 14 and 16 have 
a static decay of <0.1 second when tested according 
to method 4046 of Federal Test Method Standard 
101 C after 25 hours conditioning at 70˚F (21˚C) and 
50% relative humidity (RH).


This topical antistat is water soluble and is not 
intended as a “safety” feature. For this reason, 
it is recommended that garments of Spunbonded Olefin
not be used in flammable or explosive environments.


Styles with a B suffix do not contain an antistatic agent.
Styles like these with no antistatic agent can build a
static charge during roll or sheet handling and should not
be handled in areas where the potential for explosive
vapor/air mixtures exists.


TEMPERATURE RANGE
Toughness and flexibility are retained down to 
-100˚F (-73˚C). When exposed to heat, Spunbonded
Olefin begins to shrink at approximately 270˚F (132˚C)
and melts at 275˚F (135˚C). Under actual processing
conditions, where tension is required to handle the web,
the web temperature should not exceed 175˚F (79˚C).


UV RESISTANCE
Physical properties of Spunbonded Olefin are degraded
with extended exposure to direct sunlight (ultraviolet rays),
although at least one to three months of useful outdoor
life can be expected in many applications. UV resistance
can be improved with opaque coatings. Styles of
Spunbonded Olefin containing UV inhibitors are available
for applications requiring higher UV resistance.
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L = 97.8 brightness (100 for perfect white)


a = 0.3 green component


b = 0.1 yellow component


w = 96.5 overall color acceptance
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SOLVENT RESISTANCE
Water and highly polar solvents have very little effect 
on the properties of Tyvek® brand spunbonded olefin.
However, certain solvents used in some inks, paints,
adhesives and coatings can cause swelling. A list of 
the preferred solvents and those to be avoided is found
on page 25. The swelling effect of a solvent is usually
reversible after it evaporates from Spunbonded Olefin.
However, if a vehicle or binder is present in the solvent,
the distortion caused by the solvent is likely to be permanent. 


Solvent distortion can be minimized by rapid evaporation
or drying in an oven. As an example, a sheet-fed offset
lithographic ink containing 25% volatile solvent will cause
severe distortion of Spunbonded Olefin 20 minutes after
printing. The same ink printed on a heat-set web offset
press and dried in an oven at 200˚F (93˚C) will 
be distortion free.


Swelling of Spunbonded Olefin can also be caused 
by some plasticizers, aliphatic hydrocarbon resins used 
in inks, tackifiers and low-molecular weight adhesives.
The swelling caused by these materials is always
permanent and, in some cases, is not apparent until
several days or weeks after application.


TOXICITY 
Spunbonded Olefin, as supplied by DuPont, has 
been tested for toxicity by skin contact tests on 
animals and humans. No reports of toxic reactions 
have been received.


Spunbonded Olefin is not radioactive, is stable in all
recommended use environments and requires no
special spill procedures.


MSDS
Spunbonded Olefin is considered an “article” under
provisions of the Toxic Substance Control Act (TSCA)
and is considered nonhazardous under provisions of the
Hazard Communication Standard. No Material Safety
Data Sheet (MSDS) is required for Spunbonded Olefin,
although one is available as a service to customers. 
To obtain a copy, contact DuPont at 1-800-448-9835.


Solvent Compatibility Testing


The compatibility of solvents in inks, coatings and 
adhesives can be determined by placing two to three
drops on a sheet of the style being used. If severe
distortion occurs within 20 minutes, the material should
be avoided, if possible, or used sparingly. Some adhesive
ingredients can cause delayed distortion of Spunbonded
Olefin after weeks or even months of storage. This is
particularly true of some solvent-based, pressure-sensitive
adhesives that are transfer-coated to Spunbonded Olefin
from a silicone-coated release sheet.


To determine whether an adhesive is compatible with
Spunbonded Olefin, it should be coated onto a release
sheet and then transferred to an aluminum plate.
Alternatively, the adhesive may be coated directly onto
an aluminum plate with a doctor blade that will deposit
about 1 mil (0.025 mm) of dry adhesive. The plate should
be dried in an oven at 300˚F (150˚C) for 10 minutes 
to remove all the volatile solvent from the adhesive.
After cooling, a sheet of Spunbonded Olefin is rolled
onto the adhesive-coated plate. An aluminum plate is
preferred for this test to eliminate dimensional changes
that occur with coated release sheets. After contact
with the adhesive for 24 hours, the Spunbonded Olefin
and plate are placed in an oven at room temperature
and the temperature is raised at the rate of 20˚F/hr
(10˚C/hr). If no distortion occurs to the Spunbonded
Olefin up to 150˚F (65˚C), the pressure-sensitive adhesive
is judged to be compatible with Spunbonded Olefin. 
If, however, swelling or wrinkling occurs, it indicates 
the presence of low-molecular-weight materials that
function as swelling agents for Spunbonded Olefin.


As an example, low-molecular-weight polybutylacrylate
used in some pressure-sensitive adhesives will cause
wrinkling and distortion of Spunbonded Olefin 24 to 48
hours after processing if the rolls are stored in a location
where the temperatures are above 90˚F (32˚C). 
However, high-molecular-weight polybutylacrylate 
is compatible with Spunbonded Olefin up to 212˚F
(100˚C). Of course, it may be necessary to screen each
of the individual components by this procedure when
testing a new formulation. This procedure has proved 
to be suitable for screening solvent-base, water-base 
and hot-melt, pressure-sensitive adhesives for
Spunbonded Olefin.







Incredibly strong, yet incredibly light, car covers of DuPont Tyvek® can protect your car from 
whatever Mother Nature has in store. Tyvek® brand spunbonded olefin keeps cars cool by 
reflecting heat, and blocks 99.8% of the sun’s UV rays that cause paint and interior colors to fade. 
It can withstand high water pressure, helping to protect your car’s finish from acid rain 
and other pollutants. Tyvek® is also a shield against dust particles as small as two microns, 
and stains from the falling debris of trees, birds and insects. 
Yet the unique breathable spunbonded structure of Tyvek®


allows condensation to pass through so trapped water 
evaporates away.
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Tyvek® Brand Spunbonded Olefin 
Is Different…Compared to Paper Substrates


• For the same application, lighter weights 
of Spunbonded Olefin are normally used.


• Spunbonded Olefin is more elastic. It should be
handled under the lowest tension practical to avoid
distortion and mis-registration. Spunbonded Olefin will
elongate 15% to 25% before breaking, making deep
embossing possible without fracturing.


• The physical properties of Spunbonded Olefin are the
same, wet or dry. Although unaffected by water and many
chemicals, Spunbonded Olefin may swell on contact with
certain organic solvents used in some inks, coatings and
adhesives. See page 6 for details. It is also recommended
that you conduct your own tests before use.


• Spunbonded Olefin absorbs little or no moisture; 
therefore, longer drying times are required for most inks,
coatings and adhesives.


• Spunbonded Olefin is thermoplastic. It maintains 
its toughness and flexibility down to -100˚F (-73˚C);
however, an unrestrained sheet of Spunbonded Olefin is
dimensionally stable up to 270˚F (132˚C) and will not
shrink. Temperatures above 175˚F (79˚C) should be
avoided when processing under tension.


• Spunbonded Olefin is tough; web breaks rarely occur.
When sheeting, slitting and die-cutting, each filament
must be completely cut; “hangers” will not break off 
as they do with paper.


• Spunbonded Olefin has lower surface friction, 
which may facilitate handling in some operations.


• Spunbonded Olefin is slippery and should not be used
in any application where it will be walked on without the
application of a slip-resistant coating. Garments made of
Spunbonded Olefin should have slip-resistant or anti-slip
materials on the outer surface of boots, shoe covers or
other garment surfaces in conditions where slipping
could occur.
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The lightweight, smooth surface, high dimensional
stability and opacity, together with the toughness 
and durability of Tyvek® brand spunbonded olefin, 
make it well-suited as a printing substrate. It can be
printed by offset lithography, letterpress, flexography,
gravure, screen process, dot matrix, thermal transfer,
ion deposition, digital press applicatopns and ink-jet
processes, using standard commercial printing 
equipment. Spunbonded Olefin can be printed either
sheet- or web-fed. Types 14 and 16 are usually web-fed
because of their inherent softness. Four-color process
printing can be done on all types, but is most commonly
done on Type 10.


Design / Prepress Tips 


Most artwork can be printed on Spunbonded Olefin by
offset lithography if it is designed for this substrate and
the preferred printing/converting equipment is used. 
To ensure acceptable printing, the designer and printer
must understand the unique properties and characteristics
of Spunbonded Olefin.


First, the customer or the agency must specify a style.
Styles 8740D and 1085D are recommended for two-sided
printing because of their higher opacity. Styles 1058D
and 1073D are recommended only for single-sided
printing. In the timeline, three days should be allowed
for two-sided printing due to the need for a 24-hour dry
time before printing the second side.


It is important to identify critical colors in the planning
and design stage. Color matching of ink must be done
because a color shift will occur when going from paper
to Spunbonded Olefin. 


PANTONE® Matching System (PMS) colors can be spec-
ified, but the ink must be matched on Spunbonded
Olefin. Always refer to PMS colors printed on uncoated
paper (U) in the PANTONE® Color Formula Guide when
selecting colors.


When a special color, such as a corporate logo color, 
is to be printed in a four-color process piece, it may be
advisable to print the special colors as a fifth or sixth
non-process (PMS) color on a six-color press. This will
allow more freedom to correctly color match the four-
color subject without shifting the corporate logo colors.


The extra pressure or squeeze required on press 
when litho printing Spunbonded Olefin necessitates
some different steps in making the color separations 
for process printing compared to paper:


• The gray scale should be manipulated so that there 
is no more than 35% to 40% (vs. the usual 50%). 
The 97% tones should be reduced to 90% to 95%. 
The net result is a flatter highlight area and a more
accentuated shadow and midtone in the separations.
This translates to a “normal” picture on press because
maximum dot gain takes place in the midtones due to
the maximum perimeter of the dots, and in the shadows
due to the additional squeeze required on press.


• All colors must be over-corrected. Red colors are
made up of yellow and magenta with cyan and/or black
adding detail and shape. In this case, the cyan and black
must be reduced to minimum dot size and dropped out
or eliminated entirely whenever possible. Similarly, the
cyan must be drastically reduced in the magenta and
yellow. Continuing this process, the magenta must 
be reduced in yellows and the yellow in magentas. 
In greens, the magenta should be over-corrected and in
blues, the yellow should be lightened as much as possible.


• All colors should be as light as possible in the highlights.


• These changes to the separation can be partially
accomplished in the actual scanning, but for practical
purposes are more easily done in the Adobe® Photoshop®


program on a computer. The best chance for success is
to have an experienced color separation person make 
these changes or supervise the procedure.


• To achieve best results, a press proof should be
scheduled on your first attempts.


DuPont Tyvek® is an ideal choice 
for packaging today’s ubiquitous 
CDs and DVDs.
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Gold and silver metallic inks can be printed on
Spunbonded Olefin; however, due to the light scattering
effect of the fiber pattern, a bright, shiny metallic effect
is not achieved. Foil stamping is a better alternative.


When printing white on white, specify that the white 
be as white as possible. Alternately, a shadowline 
or border may be added to enhance the separation.
Spunbonded Olefin has an inherent fiber-swirl pattern
that cannot be covered up by laying down more ink.
Dark solids accentuate the appearance of fiber swirl;
whereas, small, busy patterns using light colors and screens
minimize the appearance of fiber swirl. Fiber swirl can
sometimes be minimized in large areas of light colors 
by using opaque colors (e.g., ocean blue on a map).


Spunbonded Olefin is not coated paper and does 
not provide a glossy print surface. Increasing the ink 
film thickness will not achieve higher gloss, but will 
cause ink distortion and increased ink drying time. 
Press varnish does not noticeably improve gloss or ink rub
resistance; however, it does accentuate the appearance
of fiber swirl. Because of its very bright blue-white
surface, most press varnishes appear slightly yellow 
on Spunbonded Olefin and are not recommended.
Ultraviolet- (UV-) cured inks generally appear brighter
and more glossy on Spunbonded Olefin, and are 
recommended. Film lamination of Spunbonded Olefin
will provide a very glossy, abrasion-resistant surface. 


If color is critical, a press proof is the only sure way to
check color. When doing four-color process printing,
avoid using fine (approximately 1/16 in.) reverse lines,
borders and type, particularly near the outer edges of
the press sheet. This is especially important when
printing will be done on the lighter weights of
Spunbonded Olefin. A dark solid with a one- to two-dot
overlap is preferred.


Whenever very tight register is required, such as on
large maps using more than four colors, the color with
the least amount of ink coverage should be printed on
the first unit, followed by increasing amounts of ink
coverage on subsequent units. 


Before printing Spunbonded Olefin for the first time, 
the printer should understand the characteristics of
Spunbonded Olefin that affect printability.


Guidelines for Printing


Spunbonded Olefin can be printed acceptably by all the
commercial printing processes. Although Spunbonded
Olefin is printed in much the same way as paper, and 
on the same equipment, some of its physical properties
require special attention for optimum results. For this
reason, we strongly recommend that those who have
never before worked with Spunbonded Olefin conduct
ink, material and printing evaluations before beginning 
a full-scale print run. 


Characteristics of Spunbonded Olefin 
that Affect Printability


• The properties of Spunbonded Olefin are unaffected
by water; however, hydrocarbon solvents in the
kerosene range used in some commercial inks can
cause swelling—either immediately or after sheets have
been printed. Solvent distortion will cause mis-register
and sheet swelling. For this reason, sheet-fed offset lith-
ographic and letterpress inks must be formulated with less
than 3% volatile solvents.


• Because Spunbonded Olefin is not as absorbent as
paper, lithographic/letterpress inks take longer to dry.


• Uncoated Spunbonded Olefin has a unique fiber-swirl
pattern that will show through most inks. The appearance
of fiber swirl can be minimized by using light colors and
a “busy” multi-color pattern. Opaque inks should be  
used when possible. Coated Spunbonded Olefin 
is recommended when the end-use application calls 
for optimum ink “hold-out;” high-gloss, high-fidelity
printing; or increased surface abrasion resistance. 


• The melting point of Spunbonded Olefin is 275°F (135°C).
During web handling operations, the web tension should
not exceed 0.75 lb/in. (1.4 N/cm) width and the sheet
temperature should not exceed 175°F (79°C). 


• Sublistatic printing (heat transfer printing) is not
recommended because the temperatures used to transfer
the dyes exceed the melting point of Spunbonded Olefin.
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• Type 10 Styles with a “D” suffix (e.g., 1073D) and
Style 1079 are treated with an antistatic agent to reduce
static during sheet handling operations. Antistatic agents
function best at a relative humidity of 50% or more.
Below 20% relative humidity, antistatic agents lose their
effectiveness and sheet feeding will become noticeably
difficult. The above-mentioned styles have also been
treated by corona discharge to improve adhesion of
inks, coatings and adhesives. Type 14 Styles with an
“R” suffix (e.g., 1443R) and Type 16 Styles with an “E”
or “R” suffix (e.g., 1622E) are treated in a like manner. 


• Type 10 Styles with a “B” suffix (e.g., 1073B) are
untreated and are used primarily for medical applications
where optimum barrier properties are required. Type 14
Styles followed by an “A” suffix contain an antistatic
agent, but are not corona treated. Because these
untreated “B” and “A” Styles have only marginally
acceptable ink adhesion, precautions must be taken
during handling to avoid ink rub-off. If a printer is uncertain
whether Spunbonded Olefin is corona treated, a simple
“Water Drop” test can be performed as follows. 
Place a drop of water on the unknown sample and on
known samples of 1073B and 1073D. Tilt each sheet
until the drop rolls off and observe whether wetting has
occurred. Water will wet out the treated style (1073D);
whereas the drop of water will remain as a ball and roll off
the untreated sheet (1073B) without leaving a wet “track.”


• Unlike polyethylene film, Spunbonded Olefin does 
not lose the effectiveness of corona treatment with
time. Samples of corona-treated Spunbonded Olefin
stored for 20 years were found to have the same level
of ink adhesion as a newly treated sample. 


• Spunbonded Olefin is two-sided. The Type 10 
Styles have a rough or “wire” side, and a smooth side. 
The difference is minor, but can usually be felt, and 
can be seen easily under a low-power magnifying glass.
Where print clarity is most important, the smooth side
should be used. Style 1079 is embossed with a fine
cambric pattern. As with the other Type 10 Styles, 
the smooth side is preferred for printing and coating.
The Type 14 Styles have a linen and rib side. The linen
side is preferred for printing because of better ink hold-out
and better surface fiber stability. The linen side is also
smoother than the rib side. However, garment fabrication
may dictate that the rib side be printed with some sacrifice
in print quality.


• Where curl or lay-flat after printing must be minimized,
observe the following for Type 10 Styles:
— For one-sided printing, print the rough or “wire” side. 
— For two-sided printing, print minor coverage on the 


smooth side first, followed by major coverage on 
the rough side. 


— Allow at least 0.5 in. (13 mm) unprinted border.


NOTE: Heavy edge-to-edge coverage on the smooth
side of Type 10 products, followed by die-cutting into
small blanks (for example, in envelopes) can result 
in curling.


• Spunbonded Olefin is nearly isotropic. 
Its physical properties are approximately equal 
in the machine and cross-machine direction.


Tyvek® Brand Spunbonded Olefin Can Be
Printed by Various Printing Processes


OFFSET LITHOGRAPHY
Items requiring good quality color and appearance 
can be printed on Spunbonded Olefin by the offset 
lithographic process.


Spunbonded Olefin is dimensionally stable and handles
well on both large and small, single- and multi-color
offset lithographic presses.


Four-color process work should be done on
Spunbonded Olefin using a four-color press. 
Four-color process printing on a single color press 
is not recommended because misregister can occur
due to sheet swelling between colors. Special low-
solvent-content inks are required for offset lithographic
printing of Spunbonded Olefin. These are described 
in detail on pages 12-15 under “Printing Inks for
Spunbonded Olefin.” UV-cure inks are being run
routinely on Spunbonded Olefin by the sheet-fed litho
process. These inks cure instantly and do not distort
Spunbonded Olefin. Wet and dry rub resistance is at
least equivalent to conventional oil-based ink.


To further minimize sheet distortion caused by ink, 
the ink film thickness should be kept to a minimum by
using extra strong colors. Tints should be made using
opaque white rather than extender, whenever possible.


When printing four or more colors that completely cover
a large sheet, the color sequence should be chosen so
that the color with the least coverage is laid down first
and the color with the greatest amount of coverage is
laid down last. 
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Spunbonded Olefin has a pH of 7 (neutral) and does 
not affect the chemistry of the lithographic dampening
system. Because Spunbonded Olefin absorbs little
water, the dampening solution should be maintained 
at a minimum level to avoid a pastel or washed-out
appearance of the printing; i.e., only enough dampening
solution should be added to prevent dry-up in the non-
image areas.


Sometimes after printing 25 to 50 sheets, the printed
image will appear dull or gray (if black is being printed).
This is due to a buildup of dampening solution. Because
Spunbonded Olefin does not absorb water as readily as
paper, the amount of dampening solution must be
reduced. In fact, it may be necessary to reduce the level
several times. This will also prevent ink emulsification 
and shorten ink drying time.


Because of the extremely high surface area of
Spunbonded Olefin, it will require approximately 15% more
ink to achieve the same color density as uncoated paper.
Type 10 Spunbonded Olefin will not take on the gloss of
coated paper, no matter how much ink is used.


Spunbonded Olefin is more compressible than 
either film or paper. It is necessary to add 3 to 4 mil 
(0.08 to 0.10 mm) of additional squeeze between 
the blanket and back cylinder vs. paper of equivalent
thickness to compensate for the thickness variation 
of Spunbonded Olefin. However, as with any material
being printed, no more pressure than is necessary
should be used because excessive pressure will 
cause dot gain and result in mis-registration. 
Printing on Spunbonded Olefin that has been deeply
and sharply embossed should be avoided because 
it is difficult to obtain adequate ink fill without excessive
pressures, which may result in sheet distortion. 


Conventional offset blankets of medium hardness are
recommended for lithographic printing of uncoated
Spunbonded Olefin because they afford the best 
results with large, solid printed areas and halftones.
Compressible blankets are preferred for printing coated
Spunbonded Olefin because they improve print uniformity
in large halftone-screen areas, particularly when trapping
screens with solids.


FOUR-COLOR PROCESS PRINTING OF STYLE 1443R
BY SHEET-FED OFFSET LITHOGRAPHY
Style 1443R Spunbonded Olefin is used for fabricating
promotional apparel. Superior graphics can be obtained
using four-color process sheet-fed offset lithography. 
The advantage that Spunbonded Olefin offers over 
other materials is that four or more colors can be 
printed on the linen (smooth) side while maintaining
precise register, high-fidelity print quality (150 lines/in.
[60 lines/cm]) screens and good ink hold-out.


The challenge to the printer who chooses to do this 
on a sheet-fed press is formidable, but it is being 
done routinely.


Lightweight, fabric-like Style 1443R Spunbonded Olefin
is difficult to sheet-feed and requires a considerable
amount of patience and feeder adjustment by the press
operator. Style 1443R should be sheet-fed with the rib
pattern parallel to the direction of sheet travel to obtain
optimum register. Because of its light weight, the air
used to separate the sheets must be reduced. 


Sheets up to 28 in. x 40 in. (70 cm x 100 cm) are much
easier to feed and deliver than larger sheets. Printing is
done on the linen (smooth) side to optimize ink hold-out
and surface fiber stability. Because soft structures of
Spunbonded Olefin (Types 14 and 16) do not jog well,
four-side trimming should be done near the press. 
Load the sheets into the feeder with as little handling 
as possible to avoid the need for jogging. Because of
the difficulty in jogging sheets after delivery, multi-pass
printing of Style 1443R is not recommended.


Low-solvent-content litho inks are recommended for
sheet-fed printing of Style 1443R. These should be
made at as low a tack as possible, generally 14.


Due to the lack of stiffness in Style 1443R, small folds 
or creases will occur in some of the sheets during
printing. These creases will appear as narrow white
streaks in the finished press sheets. Smaller sheets 
are less likely to crease than larger sheets.
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OFFSET LITHOGRAPHIC PRINTING OF 
PRESSURE-SENSITIVE COATED 
TYVEK® BRAND SPUNBONDED OLEFIN
Most Spunbonded Olefin that is coated with water-based,
pressure-sensitive adhesives for label stock can be
printed by any of the commercial printing processes.
Occasionally, Spunbonded Olefin will be coated with 
a water-based adhesive that contains an excessive
amount of wetting agent. This wetting agent can
migrate to the opposite side of Spunbonded Olefin and
disrupt the ink/water balance of the offset lithographic
press, producing a washed-out appearance in the
printing. The effect is most noticeable in the thin areas
of the sheet, but may appear over the entire sheet.
Sometimes it is mistaken for insufficient impression.
Stock with this coating defect can be printed acceptably
by the dry-offset, letterpress or flexographic processes. 
If the wetting agent has migrated through to the side 
to be printed, it can usually be detected by using the
“Special Blue R Dye Test.” An intense violet color is
indicative of wetting agent on the surface. An uncoated
sheet of Style 1073D should be tested at the same time
as a control.


ENVELOPE/IMPRINTING
Envelopes of Spunbonded Olefin can be imprinted using
standard envelope printing presses. For light ink coverage,
such as “corner cards,” standard paper inks can be used.
For heavy ink coverage, such as logos, offset inks
compatible with Spunbonded Olefin are recommended. 


Because envelopes made of Spunbonded Olefin are
less rigid than paper envelopes, a “wedge” should be
placed under the center of the feed stack to maintain a
level feed with horizontal feeders. Printing quality may
be enhanced by using a “patch” blanket with offset
presses. The patch blanket allows greater squeeze 
without interference from the flap ends.


HEAT-SET WEB OFFSET
Spunbonded Olefin is well-suited for printing by the
heat-set web offset lithographic process. Because
Spunbonded Olefin is composed of continuous fiber, 
it is nearly lint-free and reduces the downtime required
for blanket/plate washup. In addition, the high tear
strength virtually eliminates web breaks. 


Because of the heat and solvent sensitivity of
Spunbonded Olefin, low-energy heat-set inks are
required to print Spunbonded Olefin by this process.
These inks contain low-boiling hydrocarbon solvents that
flash-off at web temperatures of 175°F to 200°F (79°C
to 93°C) and press speeds of 22,000 impressions/ hour.
Although the drying oven may operate at a temperature
higher than 175°F (79°C), the temperature Spunbonded
Olefin reaches should not exceed 175°F 
to 200°F (79°C to 93°C). It is a good practice to measure
the web temperature with a surface pyrometer. In the case
of sudden press shutdowns, provisions must be made
to prevent Spunbonded Olefin from melting in the drier. 


Spunbonded Olefin has been run successfully on web
offset presses roll/roll, roll/sheet and roll/folded signature.
Adjustment of the sheeter is crucial and requires a sharp
blade set to a close tolerance. To avoid sheet size variation,
web tension going into the sheeter must be at a minimum.
Sheet cutoff has been maintained at ±1⁄32 in. (±0.8 mm)
on a 239⁄16 in. (0.6 mm) sheet throughout production runs.


Both UV and electron beam ink-curing systems have
been used successfully with Spunbonded Olefin on
web offset presses. Because the inks used are 100%
solids and cure almost instantly, higher color density 
and gloss can be achieved. UV-cured inks do not distort
Spunbonded Olefin. Infrared drying is not recommended
because of the heat generated.


FLEXOGRAPHY
Spunbonded Olefin is printed by the flexographic process
for a wide variety of applications, ranging from sterile
packaging and labels to industrial and medical apparel.
Equipment used for single- or multi-color web printing of
flexible packaging materials is best suited to
Spunbonded Olefin because it permits processing 
at low temperatures and tensions. 


Web temperature should be kept below 175°F (79°C)
and tensions kept below 0.75 lb/lineal in. (1.4 N/cm) of
width, to prevent sheet distortion and print mis-register
in multi-color work. 


The unique structure of DuPont Tyvek®


delivers an optimum balance of bacteria
penetration resistance, tear strength, 
puncture resistance and clean peel, 
as well as compatibility with all 
sterilization methods—
making it the industry choice for 
sterile medical packaging.
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Generally speaking, a floppy web should enter and exit
from the printing nip. High-velocity, low-temperature
drying air should be thoroughly mixed by the diffusers to
avoid oven hot spots. Gas-fired driers should be carefully
controlled because of the very high burner outlet temp-
eratures. Powered rollers and short, unsupported web
spans will help maintain the recommended low-unwind
and processing tensions. Bowed rolls ahead of printing
and windup stations are very effective in eliminating
wrinkles and are required for printing Types 14 and 16. 


A chill roll prior to windup is helpful in reducing sheet
temperature, thus helping to prevent ink blocking and
minimizing sheet distortion. Chill rolls are essential for
flexographic printing of Spunbonded Olefin used for
medical packaging, which is often coated with a heat
seal coating on the back side. If this coating is softened,
it will block and cause ink pickoff. 


Resiliency is needed in flexographic plates to help offset
the inherent thickness variations of Spunbonded Olefin.
Photopolymer plates (Cyrel®) with a 50 Durometer hardness
(Shore A) mounted with 15 to 20 mil (0.38 to 0.51 mm)
of sticky-back, closed-cell foam produce the best overall
print uniformity on Spunbonded Olefin, and have been
used successfully to print 4-point type and medium-
density bar codes. Soft natural rubber plates with a 
30 Durometer hardness (Shore A) are recommended 
for fine-line reverses greater than 13 mil (0.33 mm).
Rubber plates should also be backed up with 15 to 20 mil
(0.38 to 0.51 mm) of sticky-back, closed-cell foam for
optimum print uniformity.


The new, thin (<0.067 in. [1.7 mm]) photopolymer plates
also print well on Spunbonded Olefin and are preferred
for four-color process flexography.


Experimentation will reveal the right amount of pressure
necessary to obtain adequate ink fill in the thin spots
without print “smash” in adjacent thick areas. 
Both sides of Type 10 Spunbonded Olefin can be
printed, although the smooth side is preferred. 
On Types 14 and 16, the linen side is preferred.


For flexographic process printing on Type 10 Styles of
Spunbonded Olefin, a 65-line/in. (26-line/cm) screen is
recommended to avoid dot gain in the thick areas of
Spunbonded Olefin. For process printing on Type 1443R,
an 85-line/in. (33-line/cm) screen should be used. 


GRAVURE
Spunbonded Olefin can be printed by the gravure
process on equipment used for single- and/or multi-color
printing of paper and films. Materials designed for use 
in packaging, book covering and apparel are currently
being printed by this method. Gravure cylinders with
100 lines/in. (40 lines/cm) or more are preferred for
printing both the uncoated and coated styles of
Spunbonded Olefin. The smooth side of Type 10 
and the linen side of Types 14 and 16 are preferred
gravure surfaces when printing uncoated styles. 
As in flexography, the web temperature should be 
maintained below 175°F (79°C), with tensions below
0.75 lb/lineal in. (1.4 N/cm) to avoid web neck-down 
and mis-registration.


The same precautions for web handling described for
flexography apply to gravure printing.


INKJET PRINTING
Spunbonded Olefin can be inkjet printed for addressing
and bar coding. For optimum performance, solvent-, oil-
and wax-based inks are recommended.


Selected, pigmented water-based inks can provide satis-
factory performance by using one or more of the
following: draft-mode printing; longer feed intervals;
supplemental driers; and longer exit conveyors.


For high-quality graphics using inkjet printing, coated
Spunbonded Olefin should be used. 


For information about emerging digital technologies or 
for inkjet ink recommendations, call DuPont at 
1-800-448-9835.


SCREEN PROCESS
Spunbonded Olefin can be printed on hand, automatic
and rotary screen presses in sheet and web form for
signs, banners and other decorative uses.


When conveyor ovens are used instead of room-
temperature drying, high velocity air will aid drying and
carry away the solvents. Sheet temperature should 
be kept below 175°F (79°C), with tensions below 
0.75 lb/lineal in. (1.4 N/cm) to avoid sheet neck-down
and mis-registration in multi-color web printing. 
When using UV-cured screen inks, cooling is required 
to prevent sheet distortion or shrinking due to the heat
generated within the ink when curing heavy coverage of
dark solids. Screen process inks for Spunbonded Olefin
are discussed on page 13.
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LASER PRINTING  ( NON-IMPACT )
Today, laser-based electrophotography is being used
more widely for high-speed black and white copiers.
These copiers use lasers to activate (deactivate) the
charged drums. The laser beam does not contact Tyvek®


brand spunbonded olefin during the printing operation.
However, conventional laser printing is not recom-
mended because of the temperatures involved in the
printing units, which will melt Spunbonded Olefin if a
jam occurs. For the same reason, Spunbonded Olefin
should not be used in electrostatic copiers. It is 
important to note, however, that the newer cold lasers
(which generally have a temperature below 
200°F [93°C] can be used with Spunbonded Olefin.


DOT MATRIX PRINTING
Dot matrix printing is being used to imprint a variety of
labels and business forms, especially those used for
chemical drum labeling that require variable information,
and in some cases, bar codes. A fade-resistant, non-
bleeding ribbon is required for printing these labels 
of Spunbonded Olefin so that the image will survive 
the harsh environment to which these labels are 
sometimes subjected. 


A clay-coated style of Spunbonded Olefin or 
Tyvek® Brillion® will yield the best results when using dot
matrix printing.


Printing Inks for Spunbonded Olefin 


Because Spunbonded Olefin is available in a variety 
of uncoated and coated forms, samples of the specific
material to be printed should be submitted to an ink
supplier for formulation of compatible inks for the
required job. A list of ink suppliers for Spunbonded Olefin
is available by contacting DuPont at 1-800-448-9835.
Following are some recommendations to consider
when selecting or formulating printing inks to 
achieve the best results with Spunbonded Olefin.


OFFSET LITHOGRAPHIC INKS
Spunbonded Olefin is largely unaffected by water 
or highly polar solvents (alcohols, glycols, esters).
However, non-polar, volatile, kerosene-type hydrocarbon
solvents used in some commercial inks will cause it to
swell or pucker. 


If Spunbonded Olefin swells, buckles or puckers 
within 20 minutes after printing, the ink probably
contains a residual solvent that is incompatible with
Spunbonded Olefin.


The typical offset lithographic ink for use with
Spunbonded Olefin is formulated from rosin esters and
long oil alkyds. These can be diluted with drying oils,
such as tung (chinawood oil) or linseed oil. In addition,
100% solid soy-based resins are compatible with
Spunbonded Olefin. High-boiling, “quick-dry” petroleum
solvents should not be used in sheet-fed offset-litho ink
formulations for Spunbonded Olefin. Likewise, aliphatic
hydrocarbon resins should be avoided because they can also
cause distortion and sheet swelling. “Dry pigment grinds”
should be used to avoid the residual solvent in pigments
made from flushes. Magie® oils should be avoided.


To minimize the tendency of Spunbonded Olefin 
to curl or pucker, the least possible ink film thickness
should be applied, with a goal of 0.3 mil (0.0076 mm). 
In some cases, using a 60% screen will beneficially reduce
ink coverage. When tints are used, the ink should be
made with opaque white rather than transparent
extender. This will minimize the swelling effect 
the extender might have on Spunbonded Olefin.
Opaque ink will also reduce the appearance of the 
fiber-swirl pattern.


Offset/letterpress inks dry more slowly on Spunbonded
Olefin than conventional paper inks. To minimize offsetting,
pile height should not exceed 20 in. (0.5 m.) Winding is
recommended after 6, 12 and 18 hours for sheets with
heavy ink coverage. To shorten the drying time of very
slow-drying inks, contact the ink supplier for the amount
of drier that can be added. Excessive drier can hinder drying
and may cause Spunbonded Olefin to distort. 


When excessive ink drying time is required on
Spunbonded Olefin, it is usually caused by printing 
with too much ink and excessive dampening solution,
which can result in ink emulsification. Fountain stimulators
used to increase the rate of drying are only marginally
beneficial with inks on Spunbonded Olefin, but can be
used if desired. 


Most commercial dampening systems work well with
Spunbonded Olefin, but only enough dampening solution
should be used to prevent dry-up in non-image areas.
Because Spunbonded Olefin absorbs less water than
paper, it requires less dampening solution. If the printed
image is dull or has a washed-out appearance, the
amount of dampening solution should be reduced.


For optimum drying, the fountain solution should be
maintained at a pH between 4 and 5. All uncoated styles
of Spunbonded Olefin have a pH of 7.0.
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Trusted and reliable, 
protective garments 
of DuPont Tyvek®


offer a superior 
combination 
of barrier, comfort 
and durability.


Litho inks with more than 3% volatile solvent can 
cause swelling, puckering, curling and mis-registration.
Solvent content of as-supplied resins should also 
be checked prior to use to ensure that the volatile
solvent content of the finished ink remains below 
the recommended 3% maximum.


If it is necessary to reduce the tack of an ink, “000” varnish,
tung oil or a reducer recommended by the ink supplier can
be used. It is important that volatile materials, such as
aliphatic hydrocarbon solvents, not be added indiscrimi-
nately to offset-litho inks. For this reason, it is strongly
recommended that ink suppliers be consulted before
any attempt is made to modify ink for Spunbonded Olefin.


METALLIC LITHOGRAPHIC INKS
It is difficult to print metallic inks on Spunbonded Olefin
because they tend to pile on the plate and/or blanket 
(as with paper). Aluminum (silver) looks best on Spunbonded
Olefin and the fiber swirl is shown to advantage here.


Gold is usually a two-component ink and should be mixed
just before using. Two light passes will reduce the
tendency to pile. Gold usually looks dull on Spunbonded
Olefin. In some cases, aluminum overprinted with yellow
will produce an attractive “gold” color. Wet trapping of
metallic inks should be avoided on Spunbonded Olefin.
As an alternative, either dry trap or reverse out the
metallic color. 


If Spunbonded Olefin is printed with a metallic ink and
will later be glued (e.g., an envelope), the glue must be
compatible with metallic inks, otherwise, the metallic
effect will be lost and the color may shift. Adhesives
containing acetic acid should not be used if metallic 
inks have been used.


Very attractive metallic surface effects can be 
obtained by vacuum metallizing Spunbonded Olefin.
Contact DuPont at 1-800-448-9835 for sources of
vacuum metallized Spunbonded Olefin. 


UV-CURE INKS
UV-cure inks work well with Spunbonded Olefin and can
be used for web-fed and sheet-fed offset lithographic
printing. Because these inks are 100% solids systems
that are instantly cured on Spunbonded Olefin, they
eliminate the risk of solvent distortion and provide a
means of getting high-density dark colors with improved
gloss compared to conventional linseed/alkyd inks.


Although short exposure to UV radiation has no effect
on the physical properties of Spunbonded Olefin, 
a cooling system to reduce heat buildup is recommended
because of the thermoplastic nature of Spunbonded Olefin.


It is difficult to achieve a high level of 
ink gloss and a reduction in fiber swirl 
on uncoated Spunbonded Olefin without 
first putting down a heavy base coating. 
However, a reasonably high level of gloss 
has been achieved on uncoated Spunbonded 
Olefin via electron beam top coating. 
Heavy, clear top coatings can be applied 
in-line with printing and instantly cured 
via the electron beam process.


INFRARED-CURE INKS
Infrared (IR) drying is not recommended for 
sheet-fed litho printing of Spunbonded Olefin. 
IR-cure inks dry rapidly by flashing off solvent 
under an IR heat unit near the delivery end of 
the press. Because offset inks for Spunbonded 
Olefin are formulated with little or no solvent, 
they do not respond well to IR drying. Special 
high-solvent-content IR inks distort Spunbonded 
Olefin and, at slow running speeds, the heat generated
by the IR drier can cause Spunbonded Olefin to shrink.


SCREEN PROCESS INKS
A variety of screen process inks are available for printing
Spunbonded Olefin. Lacquer-type inks are preferred
because they produce a minimum amount of distortion.
Screen “poster inks,” and enamels that contain a high
percentage of mineral spirits, should be avoided. 
Water-based inks are compatible with Spunbonded
Olefin because they minimize sheet distortion, even
with heavy ink-film thicknesses. If Spunbonded Olefin 
is to be used outdoors, screen inks with fade-resistant
pigments should be requested from the ink supplier 
to avoid loss of color. 


Screen printing of Styles 1422R/1443R for apparel
requires an ink with optimum adhesion, flexibility 
and wet rub resistance. The solvent-based urethane
screen inks are preferred for this type of application.
When selecting solvents to adjust the screen open 
or drying time, refer to Table V on page 25 and choose 
a solvent as close as possible to the top of the list to
minimize swelling and puckering. Methyl and butyl
Cellosolve® work well for adjusting screen open-time
when compatible with the ink system.


UV-cure screen inks have been used successfully with
Spunbonded Olefin, especially for four-color process work.
Contact DuPont at 1-800-448-9835 for the latest information
on these inks. 
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FLEXOGRAPHIC INKS
For flexographic printing, volatile solvent inks and
aqueous inks are available for use with Tyvek® brand
spunbonded olefin. Polyamide/alcohol inks are preferred
for all styles of Spunbonded Olefin because of their
optimum level of adhesion and rub resistance.
Nitrocellulose can be added to produce a harder ink film,
but with some sacrifice in adhesion. Water-based flexo
inks print well on Spunbonded Olefin.


Microcrystalline wax is usually added to medical packaging
inks for Spunbonded Olefin to reduce offsetting.
Because Styles 1059B, 1073B and 4058B Spunbonded
Olefin are not corona-treated, ink adhesion is only marginal,
at best, and precautions must be taken to avoid offsetting
and blocking. When used for medical packaging, inks for
Spunbonded Olefin must have adequate thermal resistance
so they do not block when heat-sealed.


GRAVURE INKS
Most of what has been said about flexographic inks 
is also true about gravure inks. Type C nitrocellulose
gravure inks are most widely used for printing Spunbonded
Olefin and they are often modified by the addition of 
an alkyd resin to improve ink hardness and adhesion.


Gloss and Color Matching


Ink gloss and color can be important factors in the
appearance of printed Spunbonded Olefin. The higher
the gloss or the darker the color of the ink, the more
apparent the unique swirl pattern of uncoated
Spunbonded Olefin. Conversely, the lower the gloss and
the lighter the ink color, the less noticeable the swirl. Ink
gloss on uncoated Spunbonded Olefin is difficult to
achieve compared to the gloss on coated Spunbonded
Olefin. UV-cure inks and electron-beam-cure inks and
coatings improve ink gloss on uncoated Spunbonded
Olefin. Top coating and film lamination also help.


In-line aqueous coating done on the last unit of an offset
litho press does not add much gloss to the image because
of light scattering caused by the high surface area of
Spunbonded Olefin. 


Inks should be formulated using a goal color swatch.
Colors specified by PANTONE® Matching System (PMS)
colors should be formulated and matched on the
Spunbonded Olefin substrate. Inks made with the
highest color density will minimize ink film thickness
and provide the best color results.


When color matching, the printer should specify which
side of Spunbonded Olefin is being printed with which
color. Wet-ink densitometer measurements are needed
to get the closest color match when both sides must 
be matched.


Because of the high surface area of Spunbonded Olefin,
it will usually require approximately 15% more ink than
uncoated paper to achieve the same color density.


With a complete line of products, Tyvek® Weatherization Systems enable 
the construction of more comfortable, energy-efficient buildings.
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Color Stability


Spunbonded Olefin has a pH of 7.0 and, with its normal
level of antistat, it has no effect on the stability of printing
ink pigments. Certain pigments in offset lithographic inks
have occasionally shifted in color or “burned out” on
Spunbonded Olefin after printing. These pigments
include Rubine Red #52, Red Lake 2C and Alkali Blue.
These pigments are not recommended for use on
Spunbonded Olefin without preliminary testing. 
This is especially true when these pigments are used 
to make tints. The “burnout” phenomenon occurs very 
infrequently and is not predictable. A test for “burnout”
on suspect pigments can be made as follows:


• Print approximately 100 sheets with excessive 
fountain solution on the press and immediately seal
them in plastic film.


• Compare these sheets with air-dried control sheets
after 24 and 48 hours.


• If no color shift is observed, the ink/pigment compat-
ibility with Spunbonded Olefin should be acceptable.


Litho Ink Test


To determine whether a sheet-fed offset lithographic 
ink is acceptable for use with Spunbonded Olefin, 
the volatile solvent content should be determined. 
This can be done as follows:


• Coat a 3 in. x 5 in. (7.6 cm x 12.7 cm) pre-weighed
piece of aluminum foil with a thin film of ink—
1 mil (0.025 mm) or less.


• Weigh the coated piece of foil immediately and 
then place it in an oven for two hours at 220°F (105°C).


• Remove from oven and allow to cool.


• Re-weigh and calculate the percentage weight loss.


Experience has shown that inks with 3% or less 
volatile solvent should give acceptable performance on
Spunbonded Olefin. Many quick-drying offset lithographic
inks contain as much as 27% volatile solvent. Use of
such inks can cause gross mis-registration and sheet
distortion or curl.


Ink Manufacturers


For a list of some of the companies that have formulated
satisfactory inks for printing on Spunbonded Olefin, contact
DuPont at 1-800-448-9835. Undoubtedly, there are other
suppliers capable of producing satisfactory inks for use
with Spunbonded Olefin. The list we provide is intended
only as a guide and is not a recommendation of any
specific company.







CONVERTING TYVEK®


Although Tyvek® brand spunbonded olefin is processed
in much the same way as paper or plastic films and on
the same equipment, it does require different handling
techniques for optimum results. For this reason, we
strongly recommend that those who have never before
worked with Spunbonded Olefin conduct a pilot run to
fully test each conversion operation before beginning
full-scale production. Here’s a few tips to keep in mind:


• Spunbonded Olefin cannot be crush-cut as easily 
as paper. Its filaments are very strong and each must 
be completely severed; “hangers” will not break off.


• Spunbonded Olefin elongates more than paper 
and will stretch up to 15% to 25% before breaking. 
To minimize distortion or neck-down, keep web tension
as low as practical—0.75 lb/lineal in. (1.4 N/cm)—
during processing.


• Spunbonded Olefin is a thermoplastic material 
and it melts sharply at 275°F (135°C).


• When coating or laminating Spunbonded Olefin, 
the web temperature in the oven should not exceed
175°F (79°C).


• Spunbonded Olefin, because of its inherent
“memory,” may occasionally curl when sheeted.
Conventional decurler (breaker bar) equipment 
can be used at minimum tension. 


• Before binding Spunbonded Olefin with printed paper,
check compatibility because it may buckle or distort.
Many publications contain residual solvents that can
also distort Spunbonded Olefin. When bound along 
the spine, paper will respond to changes in humidity;
whereas Spunbonded Olefin will not. This usually produces
a buckled appearance along the spine of the publication. 


• Type 10 Styles of Spunbonded Olefin with a “D”
suffix (e.g., 1073D) and Style 1079 are treated with an
antistatic agent to reduce static during sheet handling
operations. Antistatic agents function best at a relative
humidity of 50% or more. Below 20% relative humidity,
antistatic agents lose their effectiveness and sheet
feeding will become noticeably difficult. These styles 
have also been treated by corona discharge to improve
adhesion of inks, coatings and adhesives. Type 14 Styles
with an “R” suffix (e.g., 1443R) and Type 16 Styles with
an “E” suffix (e.g., 1622E) are treated in a like manner.
For more information about the type of treatment for
each style, contact DuPont at 1-800-448-9835.


• Die cutting lubricants should be avoided because
some contain low-molecular-weight hydrocarbons that
can cause swelling and distortion.


Slitting, Sheeting & Cutting


Type 10 Spunbonded Olefin can be slit and cut into
sheets on most commercial equipment using conven-
tional paper-cutting techniques. However, the inherent
toughness of Spunbonded Olefin requires that all cutting
parts be kept clean and sharp, with true, well-supported,
nick-free edges. A sharp, slightly rounded edge gives
longer service than a pointed edge for crush cutting, 
but a sharp edge is preferred for other slitting methods. 


Multiple roll sheeting (four to six rolls) works well with
Spunbonded Olefin and is preferred for the lightweight
styles (less than 2.2 oz/yd2 [76.3 g/m2]).


In sheeting operations, best results are obtained by
using styles of Spunbonded Olefin with a “D” suffix.
These are treated with an antistatic agent to reduce
static during sheeting. When it is necessary to sheet
non-antistated styles, the use of conductive “tinsel” or
ionized air produced by an electrostatic generator or a
radiation bar will usually reduce the buildup of static to
an acceptable level. Antistatic agents or aerosol sprays
should not be used on Styles 1059B and 1073B that 
will be used for packaging sterile medical products.


“Soft” structure Types 14 and 16 can be cut much 
like fabric with conventional straight-knife machines.
However, if knife blades get too hot, these soft structure
materials can melt and edge-fuse. To minimize 
cutting problems:


• Replace straight-edged blades with 
blades that have a wavy or serrated edge.


• Use blades coated with Teflon® TFE fluorocarbon 
or lubricated with a non-staining silicone spray.


• Reduce the cutting stroke from 1.5 in. (3.8 cm) down
to 1 in. (2.5 cm).


• Operate at 1,800 rpm instead of 3,600 rpm. 
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The microfiber technology 
of DuPont Tyvek® used 
for protective apparel 
offers increased airflow, 
softer feel, improved 
toughness and durability
over uncomfortable
film-based competitive 
garments.


( Shown 200x )
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Die-Cutting


Sheets of Spunbonded Olefin can be die-cut using
either steel rule (sharp edge) or male/female dies.
Because the inherent toughness of the material
requires that male/female dies be manufactured to
close tolerances, steel rule dies are usually preferred.
Spunbonded Olefin fibers must be completely cut; 
dies must be kept in good condition, with sharp, true,
nick-free, well-supported edges. Dull dies cause cut
edges to curl. On steel rule or high dies, slight internal
relief helps reduce heat buildup. 


When working with closed dies, the strength of
Spunbonded Olefin will probably require use of a side
cutter or chisel edge to speed up release and prevent
die and product damage. Dies should be hardened to
Rockwell C 50 to 60 to extend their life. 


Keep lift heights below 3 in. (7.6 cm) when die-cutting to
avoid oversizing top blanks by edge compression 
as the die comes down. Use of a center-die pressure
cylinder can help de-aerate and compact the lift, 
as well as minimize slippage. 


Converting Spunbonded Olefin 
for Continuous Business Forms


Because of its toughness, Spunbonded Olefin is more
difficult to perforate and punch than paper. However,
business forms made from Spunbonded Olefin can be
punched on tag, letterpress and rotary line-hole equipment.
The higher tensile strength styles of Spunbonded Olefin
(i.e., 1058D, 1073D and 1079) are recommended for
business forms because they perforate and punch better.


Spunbonded Olefin is more elastic than paper and tends
to stretch under tension, but recovers after perforating/
punching. This creates the effect of shrinkage in the final
printed form. It is necessary to convert Spunbonded
Olefin at low tension and to hold the distance between
sprocket holes within ±0.02 in. (0.5 mm) in a 100-in.
(2.5-m) length sheet.


Unlike paper, as the machine speed increases, 
the tension adjustment decreases. If the hole distance
is short at a particular tension at 330 ft/min (100 m/min),
it will be less short at 1,150 ft/min (350 m/min). 
Rotary sprocket punching of Spunbonded Olefin should
be done with male/female dies made from hardened
tool steel or tungsten carbide. Because of the close
tolerances required to punch Spunbonded Olefin, 
soft steel dies dull quickly and increase downtime.
Contact DuPont at 1-800-448-9835 for sources of 
the preferred types of rotary dies. 


Punching


Spunbonded Olefin can be punched on tag, letterpress
and rotary line-hole equipment. Best results are obtained
from sharp, well-registered and closely fit punches.
Punches may be either smooth or serrated, and will cut
best if ground concave on the ends. Most manufacturers
of punching equipment suggest use of longer punches
or deeper punch penetration, or both, to ensure a cleaner
hole. A soft, self-honing male punch in a hardened female
die is recommended. Gear backlash should be kept 
to an absolute minimum. The lowest practical tension 
should be used to avoid stretch and mis-registration 
in web operations. If drilling, avoid excessive clamp
pressure that can leave an impression on the sheet.


Perforating


To make clean-tearing perforations, use the maximum
practical number of cuts with the smallest land (reserve)
between them. An 8:1 ratio (1/4 -in. [6.4-mm] cut with 
1/32 -in. [0.8-mm] reserve) is suggested. Tear initiation can
be ensured by positioning a cut at the edge of the sheet.


Laminating / Coating


Spunbonded Olefin can be extrusion-, adhesive-, flame-,
ultrasonic- and thermal-laminated. Laminates are used
for protective covers, automotive parts protection, 
military packaging and worker protection garments.
Spunbonded Olefin can be air-knife- or gravure-coated with
heat-seal coatings for medical packaging applications. 


When there is a need to improve the fidelity of printing
on Spunbonded Olefin and to eliminate the appearance
of fiber swirl, the best approach is to apply a coating
such as that used for book covering. Spunbonded Olefin
is readily coated with a wide range of solvent and water-
based materials applied with conventional equipment.
Air-knife coating is preferred for aqueous coating
systems because it deposits a uniform thickness of
coating on Spunbonded Olefin. It also produces a 
very smooth surface that is ideal for offset lithographic
printing. Gravure coating has been used successfully 
for solvent-based coating systems, particularly where
deep coloration is required. Pyroxylin coating formulations
containing a high concentration of isopropyl alcohol
(25%) are preferred for obtaining deep coloration.
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Dyeing


Conventional textile dyeing processes do not impart
permanent color to Tyvek® brand spunbonded olefin.
For this reason, Types 14 and 16 are usually printed by
the flexographic or gravure process using either
solvent- or water-based inks. Sublistatic printing is not 
recommended because of the high temperatures used.


Heat-Sealing / Dielectric Sealing /
Ultrasonic Sealing


Although it is possible to fuse Spunbonded Olefin to
itself using only heat, it is difficult to obtain strong seals
this way because melting the material destroys its fiber
structure, reducing both flexibility and tear strength in
the seal area. Non-corona-treated, non-antistated styles
of Spunbonded Olefin are preferred for heat-sealing
Spunbonded Olefin to itself. The molecular film of oxide
and antistat on the surface of corona-treated/ antistated
Spunbonded Olefin causes a discontinuous melt to form,
thus reducing the seal strength.


Trim seal dies designed with a spring-loaded restraining
plate have been used successfully for heat sealing.
However, the preferred method is to apply a coating
with a melting point below that of Spunbonded Olefin,
such as branched polyethylene. With such a coating,
high seal strengths can be achieved using hot-bar or
impulse techniques. 


Spunbonded Olefin, like polyethylene film, cannot be
dielectrically sealed by conventional methods. However,
commercial proprietary processes have been developed
that allow Spunbonded Olefin to be dielectrically sealed
using conventional radio-frequency equipment.


Ultrasonic sealing can be used to create fiber tearing
seals with most styles of Spunbonded Olefin, without
the puckering that is often associated with heat seals.
This process also forms strong seals to a variety of
plastic films and nonwovens. For more information
about sealing Spunbonded Olefin, contact DuPont 
at 1-800-448-9835. 


Gluing


A number of adhesives can be used to glue
Spunbonded Olefin, either to itself or to other substrates.
In general, water-based adhesives that provide quick tack
and fast drying are preferred. However, the first step in
choosing an adhesive is to determine how it will react


with Spunbonded Olefin. Laboratory testing is the best
way to make this determination. Table V on page 25
contains a list of solvents that are preferred for use 
with Spunbonded Olefin.


Natural-product adhesives based on starch, dextrin,
casein or animal by-products are preferred to synthetic-
based adhesives. Hot animal glue is an excellent adhesive
for adhering Spunbonded Olefin to paperboard. 


Water-based synthetic lattices also bond Spunbonded
Olefin to itself and to a variety of substrates. Ethylene/
vinyl acetate adhesives are especially useful, as are the
acrylic pressure-sensitive adhesives. Synthetic adhesives
often contain low-molecular-weight materials that can
act as solvents at elevated temperatures, causing
swelling and wrinkling. Polyurethane adhesives provide 
optimum adhesion (lap and shear), flexibility and water
resistance for adhering Spunbonded Olefin to itself and
to a variety of substrates.


Hot-melt adhesive technology has been amply 
demonstrated in a number of applications involving
Spunbonded Olefin, including the construction 
of envelopes, tags and medical packaging. Care must
be exercised in adhesive selection and consultation with
the adhesive manufacturer is recommended. For a list
of some of the companies that have formulated satis-
factory adhesives for use with Spunbonded Olefin,
contact DuPont at 1-800-448-9835. Undoubtedly, there
are other suppliers capable of producing satisfactory
adhesives for use with Spunbonded Olefin. This list is
intended only as a guide and is not a recommendation
of any specific company.


Embossing & Foil Stamping


Spunbonded Olefin can be embossed with either 
high- or low-pressure equipment. Done properly, 
cold embossing does not significantly reduce the
strength of Spunbonded Olefin. However, it does
reduce opacity in the embossed area. Embossing 
cylinders used for Spunbonded Olefin usually are 
very shallow, having a depth of only 5 to 25 mil 
(0.13 to 0.65 mm). A Shore “D” hardness of 
70 to 80 for the rubber backup cylinder is preferred.
Spunbonded Olefin that is going to be printed should
never be deeply embossed because it is difficult to 
fill this deep embossing pattern with ink. Foil stamping
works best on Spunbonded Olefin when it is used 
with type or small designs, such as corporate logos.
Solid areas greater than 2 square inches will bubble 
and distort in the stamped area.
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Embossing is not recommended if it is to be followed
by film lamination. The depth of embossing should be
adjusted so that there is only a 2 to 3 point loss in opacity.
Embossing roll temperature should not exceed 
175°F (79°C) and roll tension should be kept below 
0.75 lb/lineal in. (1.4 N/cm). Due to the thermoplastic/
elastic nature of Spunbonded Olefin when exposed to
heat and tension, super calendering is not recommended.


Foil stamping is readily accomplished on Spunbonded
Olefin due to its thermoplastic nature. A variety of foils
is available from suppliers for label and bookcover appli-
cations. A foil should be chosen that will transfer cleanly
and adhere to Spunbonded Olefin in a temperature/
dwell time that is compatible with the melting point 
of Spunbonded Olefin at 275°F (135°C).


Sewing


Spunbonded Olefin can be sewn satisfactorily on any
conventional sewing machine. Best results are obtained
from machines equipped with puller- or drop-feeds.
Smooth, rubber-covered rolls should be used rather than
knurled metal rolls, which tend to leave impressions on
the material.


When stitching Spunbonded Olefin, use the least number
of stitches per inch and the smallest needle practical for
maximum resistance to tearing. Both lock stitches and
chain stitches work well, especially a 1-in. (2.5-cm) 
chain stitch, which can prevent raveling.


FOR TYPE 10 SPUNBONDED OLEFIN


• Use 3 to 5 stitches/in. (1.2 to 2 stitches/cm) 
at low tension to eliminate skipping.


• Use #036 (Union Special) or #14 (Singer) needle, 
or equivalent.


• Use a flat-tipped needle that cuts slit-like perforations.
“Rock Point” (Union Special) or “Narrow Wedge” (Singer)
will permit top-speed operation with the same thread 
used for round-point needles. 


• The informal industry standard of 25/4 tex (24/4 cc)
glacé thread of short staple cotton in #14 and #036
needles has given satisfactory performance in outdoor
banners when coupled with 16.5/3 tex (36/6 cc) soft
looper thread. If smaller diameter thread is required,
14.5/4 tex (40/4 cc) glacé thread of “Sak” quality 
should provide satisfactory results. 


• Avoid stitches at or near the edge to reduce the
chance for edge-tear on banners. Pressure-sensitive
adhesive tabs of Spunbonded Olefin or Mylar®


polyester film wrapped around a sewn seam at each
edge will further reduce the possibility of edge-tear. 


FOR TYPES 14 AND 16 SPUNBONDED OLEFIN


• Up to 12 stitches/in. (4.7 stitches/cm) can be used;
however, 6 to 8 stitches/in. (2.4 to 3.1 stitches/cm)
provide the highest seam strength (greatest resistance
to postage stamp tear).


• Use a fine-tooth feed dog—
12 to 21 teeth/in. (4.7 to 8.3 teeth/cm).


• Decrease presser-foot tension until the sheet 
just feeds through the machine without slipping.
Approximately 10-lb (4.5-kg) force should be sufficient.


• Decrease bobbin tension until the bobbin just slips
down the thread: 3 oz (85 g).


• Wind bobbin with thread tension set so that thread
just slips through the disc: 2 oz (57 g).


• After setting bobbin tension, adjust needle tension to
produce a balanced stitch.


• Conventional threads of cotton/synthetic or 100%
synthetic threads of nylon or polyester can be used. 


• Spun-filament polyester is stronger than cotton thread
and is preferred for flame-resistant considerations. 


Identification of Corona Treatment 
& Antistatic Treatment


All styles of Spunbonded Olefin with a “D,” “R,” or “E”
suffix and 1079 are corona-treated and anti-stated on
both sides (e.g., Styles 1073D and 1443R). 


The critical surface tension of Spunbonded Olefin 
(high density polyethylene) is 30 dynes/cm2. 
Corona treatment of Spunbonded Olefin increases 
the surface tension to 40 to 42 dynes/cm2. 
For reference purposes, distilled water is 73 dynes/cm2. 
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AVAILABILITY STORAGE & HANDLING


Tyvek® brand spunbonded olefin is available in roll 
form in white only. Limited-use garment materials 
of Spunbonded Olefin are also available with 
protective coatings.


Availability and Shipping


Spunbonded Olefin is sold worldwide from plants in
Richmond, Va., USA; Luxembourg; and Shenzhen, China.


Type 10 is also available from distributors and paper
merchants in full rolls, slit rolls or sheets. Lists of firms
that sell rolls or sheets of uncoated Spunbonded Olefin,
as well as coated, colored or pressure-sensitive coated
Spunbonded Olefin, may be obtained by contacting
DuPont at 1-800-448-9835.


DuPont ships Spunbonded Olefin protected by stretch-
wrap film. Narrow-width rolls are shipped with more
than one roll per package. Some rolls may contain
splices. Each splice is identified with a flag.


Like paper, Type 10 has different surface characteristics
on each side and is wound with the smooth side out.
This information is on the package label. Types 14 and 16
are wound with the linen side out.


Type 10 products are available in a variety of widths on
nominal 28-in. (0.7-m) or 39-in. (1-m) O.D. rolls with 3-in.
(7.6-cm) I.D. cores. Rolls of Types 14 and 16 products are
also available on 3-in. (7.6-cm) I.D. cores, with roll diame-
ters of 21.5 in. (0.54 m) to 39 in. (1 m) O.D. 
No chuck notches are supplied in the 0.425-in. (1.1-cm)
thick heavy paper cores. Not all widths and diameters
are available in all styles.


Contents Labels


The package label for Spunbonded Olefin will be found
on the outside of each package. A core label will be
found on the inside of the core. We suggest that
customers record package numbers and retain them
throughout processing. Inquiries about specific rolls
should always refer to the package number.


Rolls of Spunbonded Olefin should be stored vertically
on their ends and in their shipping wrappers. Horizontal
storage can cause flat spots that, in turn, can lead to
processing difficulties. Rolls should be handled carefully
with a dolly, stevedore truck or hand truck. Avoid drops
or bumps that could cause deformation. Never move a
roll of Spunbonded Olefin by turning or rocking it 
on its end. Clamp trucks can crush cores and distort
Spunbonded Olefin. Clamp pressure should be set to a
maximum of 1,800-2,000 psi (12,400-13,800 Pa) gauge. 
Core plugs should always be in place when handling rolls.


Because of the slippery nature of Spunbonded Olefin,
care must be taken when moving loaded fork trucks over
bumpy floors; up and down inclines; and around sharp
turns. When trucking Spunbonded Olefin over any distance
in sheeted form, the use of preformed corner angles,
corner edge guides and flat pallet tops is recommended.
A light tension on vertical and horizontal strapping can
also prevent shifting and edge damage to the sheets.


If rolls or sheets of Spunbonded Olefin are to be 
stored for several months, they should be wrapped in
Spunbonded Olefin or polyethylene film. Unbleached
kraft paper should not be used because it may cause 
a yellowing of the edges and top sheets. Storage in
areas where engine or space heater exhaust gases
concentrate may also cause yellowing. Short exposure
of yellowed Spunbonded Olefin to sunlight will usually
cause the color to disappear. If Spunbonded Olefin is
stored outdoors, it should be protected from direct
exposure to sunlight because prolonged exposure to 
UV light will cause a deterioration of physical properties.


DuPont Tyvek® is an environ-
mentally responsible material, 
with 25% of its composition 
(for envelopes only) 
coming from recycled 
milk and water containers. 


DuPont manages a national 
recycling program that 
collects used Tyvek® Envelopes, 
which are then recycled 
into useful materials that 
provide alternatives to wood. 
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RESOURCE CONSERVATION


DuPont recognizes the universal concern about
resource conservation and is focused on developing
meaningful solutions to the issues. DuPont also advocates
an integrated conservation and waste management
system, including: source reduction/ material minimization,
recycling, waste-to-energy incineration and safe landfilling.


SOURCE REDUCTION/MATERIAL MINIMIZATION
Perhaps the most important benefit of Spunbonded
Olefin is its strength and durability relative to its light
weight. For example, envelopes of Spunbonded Olefin
typically weigh half as much as envelopes made of other
materials. In addition, the durability of products made 
of Spunbonded Olefin offers the potential for reuse.


RECYCLING
DuPont strongly supports and practices the principle
that the use of recycled products is a critical part of
resource conservation. For example, DuPont and its
direct customers have recycled pre-consumer scrap
Spunbonded Olefin from manufacturing processes 
for more than 20 years. DuPont is also a customer 
for post-consumer recycled (PCR) high density 
polyethylene (HDPE) from such sources as milk or
water jugs. Several styles of Spunbonded Olefin are
made using 25% PCR material, and they are equal in
quality, performance and aesthetics to Spunbonded
Olefin products made of “virgin” HDPE.


In addition, Spunbonded Olefin can be recycled at 
more than 70 facilities in North America that recycle
flexible HDPE products with the SPI symbol      . 
For assistance in locating the one nearest you, contact
DuPont at 1-800-448-9835. Recycled Spunbonded
Olefin is used for making such products as plastic
lumber for decking, lawn furniture, picnic tables and
landscape timbers.


DuPont provides support for customers, recyclers and
trade associations to facilitate collection and recycling 
of Spunbonded Olefin products. Spunbonded Olefin 
is included in the ASTM 5203 standard for HDPE 
from post-consumer uses. For more information, 
call the Recycle Hotline at 1-800-448-9835.


WASTE-TO-ENERGY INCINERATION
Although incineration is not practiced as extensively 
in the United States as it is in Europe or Japan,
Spunbonded Olefin can be safely incinerated. 
Under optimal conditions, it yields water and carbon
dioxide, and leaves essentially no residue for disposal. 
In fact, Spunbonded Olefin is an excellent fuel for 
generating heat or electricity because it yields two 
or more times the energy value of coal and is equal 
to oil in BTU rating. For more information, contact
DuPont at 1-800-448-9835.


LANDFILLING
Because Spunbonded Olefin is a high-value recyclable
material, DuPont encourages pre- and post-consumer
recycling. However, if landfilling is necessary, Spunbonded
Olefin can be safely disposed of in a landfill at the end 
of its useful life. Spunbonded Olefin will not leach into
groundwater because it is chemically inert and contains
no binders.


Occasionally, an order of Spunbonded Olefin may be
judged unacceptable by the customer. If a customer
believes the quality of Spunbonded Olefin is questionable,
he should contact his supplier or DuPont Customer
Service Representative. Here’s a few suggestions 
to help you:


• If a roll of Spunbonded Olefin is found to contain
defects or will not process acceptably, a 10-yd (9-m) 
full-width sample should be returned to the DuPont
Customer Service Representative, along with the
package number. Some defects may require that a 
full roll of material be returned.


• If a roll of Spunbonded Olefin has unacceptable 
wrinkles or creases that cannot be removed with a
bowed roll or spreader bar within the first 500 yd 
(450 m), it should be rejected and set aside. 
A return authorization should be requested from 
the DuPont Customer Service Representative. 
The package number must be included.


• Before lifting a sheet-fed printing job for print quality,
15 consecutive sheets of offset paper should be printed
and held along with the rejected Spunbonded Olefin to
help us mutually evaluate the problem. If a complaint is
initiated, it is very important that the package numbers
be identified.


CUSTOMER SERVICE
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TABLE I Resistance of DuPont Tyvek®


to Salt Solutions1


The breaking strength of Types 10 and 142 is unaffected after 1,000 hours exposure at 70˚F (21˚C) 
to the saturated salt solutions listed below:


Aluminum Chloride Cobaltous Sulfate Ferrous Sulfate3 Sodium Chloride


Aluminum Sulfate Copper Chloride Magnesium Chloride Sodium Fluoride


Ammonium Chloride Copper Sulfate Manganous Chloride Sodium Nitrate


Ammonium Nitrate Ferric Ammonium Sulfate3 Mercuric Chloride Sodium Nitrite


Ammonium Sulfate Ferric Chloride3 Nickel Chloride Sodium Sulfate


Ammonium Thiocyanate Ferric Citrate3 Potassium Chloride Sodium Thiocyanate


Cadmium Chloride Ferric Nitrate3 Potassium Thiocyanate Stannic Chloride


Calcium Chloride Ferric Oxalate3 Silver Nitrate Stannous Bromide


Calcium Thiocyanate Ferric Sulfate3 Sodium Bisulfate Stannous Chloride


Chromic Sulfate Ferric Potassium Sulfate3 Sodium Bromide Zinc Chloride


1 In the case of limited use/disposable protective apparel,  the user should visit the website at www.TyvekProtectiveApprl.com 
or use the TyFax® Data Service at 1-800-55-TYFAX for permeation data.


2 Tests actually performed on Styles 1073D and 1422A.
3 Sample yellowed after exposure.


Resistance of DuPont Tyvek®


to Oxidizing and Reducing Agents1


Effect on
Exposure Conditions Breaking Strength6


Agent Concentration, % Temperature, ˚F (˚C) Time, Hr. pH Type 10/Type 147


Calcium hypochlorite Sat. Solution 70 (21) 1 11.8 None


Chlorine water Sat. Solution 70 (21) 10 1.3 Moderate/Slight


Hydrogen peroxide 90 70 (21) 10 — Not Tested/Slight


Peracetic acid 2.02 210 (99) 10 8.0 Not Tested/Slight


Potassium monopersulfate 1.03 160 (71) 100 10.5 Moderate/Considerable


Sodium chlorite 0.64 210 (99) 10 4.5 None/Slight


Sodium chlorite 0.63 210 (99) 10 10.5 None/Slight


Sodium hypochlorite 0.34 70 (21) 10 4.5 Not Tested/Moderate


Sodium hypochlorite 5.3 70 (21) 1 12.2 None


Sodium perborate 1.03 160 (71) 100 10.5 None


Sodium bisulfite 3.04 210 (99) 10 4.5 None


Sodium bisulfite 3.03 160 (71) 10 9.0 None


Sodium hydrosulfite 3.05 160 (71) 10 13.5 None


Sodium sulfite 3.0 210 (99) 10 10.1 None


Sodium thiosulfate 3.0 210 (99) 10 9.8 None


1 In the case of limited use/disposable protective apparel, the user should visit the website at www.TyvekProtectiveApprl.com 
or use the TyFax® Data Service at 1-800-55-TYFAX for permeation data.


2 Sodium carbonate and 1% “Calgon” as additives. 
3 Sodium carbonate as additive.
4 Acetic acid as additive. 
5 Sodium hydroxide as additive.
6 Change in breaking strength caused by exposure:


None = 90 through 100% of original strength retained
Slight = 80 through 89% of original strength retained
Moderate = 60 through 79% of original strength retained
Considerable = 20 through 59% of original strength retained


7 Tests actually performed on Styles 1073D and 1422A.


TABLE II
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1 Tests actually performed on Styles 1073D and 1422A.
2 In the case of limited use/disposable protective apparel, the user should visit the website at www.TyvekProtectiveApprl.com 
or use the TyFax® Data Service at 1-800-55-TYFAX for permeation data.


3 Change in breaking strength caused by exposure:
None = 90 through 100% of original strength retained
Slight = 80 through 89% of original strength retained


4 Test performed at 200˚F (93˚C).
5 Sample yellowed after exposure.
6 Test performed with 100% concentration of powder.
7 Test performed with 10% concentration in H2O.
8 Test performed with 91% concentration in H2O.


Organic Chemical Effect on Breaking Strength3


Acetamide4 None


Acetic acid None


Acetone None


Acrylonitrile None/Slight


n-Amyl acetate None


n-Amyl alcohol None5


Aniline None


Benzaldehyde None


Benzene None


Benzyl alcohol None


Benzyl chloride None


n-Butyl alcohol None


Carbon disulfide None


Carbon tetrachloride None


Chlorobenzene, mono- None


Chloroform None


Chlorohydrin None


Coal tar None


Cottonseed oil None


m-Cresol None/Slight


Cyclohexanone Slight/None


p-Dichlorobenzene6 None


Dimethyl acetamide None


Dimethyl formamide None


Dimethyl sulfoxide None


Dioxane, 1-4 None


Organic Chemical Effect on Breaking Strength3


Ether Not Tested/Slight


Ethyl acetate None


Ethyl alcohol None


Ethylene glycol None


Formaldehyde7 None


Formic acid8 Not Tested/Slight


Gasoline (leaded) None/Slight


Glycerol None


Kerosene None/Slight


Linseed oil None/Slight


Methyl alcohol Slight/None


Methylene chloride Slight/None


Methyl ethyl ketone None


Mineral oil None


Nitrobenzene Slight/None


Oleic acid Slight


Perchlorethylene None


Phenol4 None


Pine oil None


Pyridine None


Tetrachloroethane None


Trichloroethylene None


Triethylamine None


Trifluoroacetic acid None


Turpentine None


Resistance of DuPont Tyvek®


to Organic Solvents2


Tested at 100% Concentration at 70˚F (21̊ C) 
for 1,000 Hours, Except Where Noted


TABLE  III
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Resistance of DuPont Tyvek®


to Inorganic Chemicals at 70˚F (21̊ C)1


Effect on Breaking Strength 
Agent Concentration, % Time, Hr. Type 10/Type 142


Sulfuric acid 10 1,000 None


Sulfuric acid 96 1,000 None


Hydrochloric acid 37 1,000 None


Nitric acid 10 1,000 None


Nitric acid 70 10 None3


Phosphoric acid 10 10 None


Hydrofluoric acid 10 10 None


Ammonium hydroxide 28 1,000 None/Slight


Sodium hydroxide 40 1,000 None


Chlorine water Sat. Solution 10 Moderate


Hydrogen peroxide 90 10 Slight


Sodium hypochloride 5.3 1 None


Aluminum chloride Saturated 1,000 None


Ammonium nitrate Saturated 1,000 None


Ammonium sulfate Saturated 1,000 None


Calcium chloride Saturated 1,000 None


Copper sulfate Saturated 1,000 None


Ferric sulfate Saturated 1,000 None


Silver nitrate Saturated 1,000 None


Sodium bromide Saturated 1,000 None


Sodium chloride Saturated 1,000 None


Zinc chloride Saturated 1,000 None


1 In the case of limited use/disposable protective apparel, the user should visit the website at www.TyvekProtectiveApprl.com 
or use the TyFax® Data Service at 1-800-55-TYFAX for permeation data.


2 Tests actually performed on Styles 1073D and 1422A.
3 Slight discoloration.


TABLE IV
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TABLE  V Order of Increasing Swelling Effect of Solvents 
on DuPont Tyvek®1


Preferred Solvents


Glycerol


Diethylene Glycol


Propylene Glycol


Triethylene Glycol


Ethylene Glycol


Methyl Alcohol


Raw Linseed Oil


Ethyl Alcohol


Diacetone Alcohol


“Carbitol” 2


“Carbitol” Acetate


Dipropylene Glycol


Methyl Cellosolve® 2


Dipropylene Glycol Methylether


Methyl iso-Butyl Carbinol


Cellosolve® 2


iso-Propyl Alcohol


Use Sparingly


Dibutyl Phthalate


iso-Butyl Alcohol


Methyl Cellosolve® Acetate


Propylene Glycol Methylether


Acetone


Butyl Cellosolve®


Cellosolve® Acetate


n-Butyl Alcohol


n-Propyl Alcohol


n-Hexyl Alcohol


n-Pentyl Alcohol


iso-Propyl Acetate


Butyl Cellosolve® Acetate


2-Octyl Alcohol


Butyl “Carbitol” Acetate


N-Decyl Alcohol


Ethyl Acetate


iso-Butyl Acetate


Methyl Ethyl Ketone


n-Propyl Acetate


Methyl Isobutyl Ketone


Cyclohexanone


Diethyl Ketone


Avoid If Possible


n-Butyl Acetate


Sun Spirits


Pine Oil


“Lactol”3 Spirits


SDW Turpentine


Dichloromethane


Tetrahydrofuran


Mineral Spirits T


Pentane


Petroleum Ether


Pinene


Rubber Solvent


VM + P Naphtha


Toluene


Naphthol Spirits


Xylene


Kerosene


Magie® Oil 4


1 This information is provided as a guide for selecting solvents for inks and coatings. It bears no relationship to solvent 
permeation of garments of Spunbonded Olefin. For information on solvent permeation, the user should visit the website at    
www.TyvekProtectiveApprl.com or use the TyFax® Data Service at 1-800-55-TYFAX for permeation data.


2 Union Carbide Chemicals & Plastics, New York, NY.
3 Union Oil Co. of California, Amsco Div., Palatine, IL.
4 Magie Bros. Oil Co., Franklin Park, IL.







The cover of this handbook is printed on 
Style 1085D Tyvek® brand protective material.


Printed in USA


We believe that this information is the best currently available on the subject. It is subject
to revision as additional knowledge and experience are gained. DuPont makes no 
guarantee of results and assumes no obligation or liability whatsoever in connection with
this information. Anyone intending to use recommendations contained in this publication
concerning equipment, processing techniques, or chemical products should first satisfy
himself that the recommendations are suitable for his use and meet all appropriate 
safety and health standards. This publication is not a license to operate under, or 
intended to suggest infringement of, any existing patents.


Rapidly advancing knowledge of new, long-term toxic effects of many chemicals has 
emphasized the need to reduce human exposure to many chemicals to the lowest 
practicable limits. We strongly recommend that processors seek and adhere to 
manufacturer’s or supplier’s current instructions for handling each chemical they use.


For any questions about the ordering, 
shipping, storage, handling or disposal 


of Tyvek® brand protective material, 
please write or call a DuPont representative:


DuPont 
P.O. Box 80728


Wilmington, DE 19880-0728
(800) 448-9835


DuPont Canada, Inc.
Box 2200 Streetsville
Mississauga, Ontario


Canada L5M 2H3
(416) 821-3300


For more information about 
Tyvek® brand protective material, 


please visit:


www.Tyvek.com


Spunbonded Olefin
is recyclable 


©2002 E.I. du Pont de Nemours and Company.  The DuPont Oval logo, DuPont™ and  What Do You Need To Protect?™ are trademarks or a registered trademark of E.I. du Pont de Nemours and Company. 
Tyvek® is a registered trademark of DuPont for its brand of protective material.  


Cyrel® is a DuPont registered trademark for its photopolymer flexographic printing plates.  Mylar® is a DuPont registered trademark for its polyester films. 
Teflon® TFE is a DuPont registered trademark. All rights reserved.  


PANTONE® is a registered trademark of Pantone, Inc.’s check-standard for color reproduction and color reproduction materials. Adobe® and Photoshop® are registered trademarks of Adobe Systems Inc.
Cellosolve® is a registered trademark of Union Carbide.  Magie® is a registered trademark of Magie Brothers Oil Company.5/02
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APPENDIX F:  Mudbrick Documentation


Prepared by Elvan Cobb
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1.0  Making Mudbrick at Yassıhöyük


Mudbrick was once the main construction material for the village of Yassıhöyük and has 


been one of the primary building materials in the region since antiquity, based on evi-


dence gathered during the Gordion archaeological excavations on the nearby Citadel 


Mound.  However, today the tradition of building with mudbrick is rapidly disappearing 


due to the introduction of other readily available materials and the perception that 


mudbrick buildings are less desirable than modern constructions composed of com-


mercially produced materials.  The desire for modern buildings and apartment living has 


supplanted the need for traditional housing during the course of the Turkish Republic, 


spreading slowly from urban areas to more rural areas.  These new building technologies 


have recently entered building practices within the villages.  


During the 2009 season, the Gordion architectural conservation team implemented 


a soft capping system and a mudbrick shoring program to temporarily stabilize walls.  


Mudbricks are low-impact, locally produced materials and are relatively inexpensive.  


Moreover, because they erode over time, they provide an ideal material for tempo-


rary shoring projects.  This necessity for such a product for conservation use offered an 


opportunity to record the traditional process of mudbrick making.  This process must be 


recorded now before knowledge of the tradition disappears from the adoption of new 


building technologies.


Two local residents of Yassıhöyük, Fikret Bekler and Soner Atiktı, were commissioned to 


make about three hundred mudbricks for the conservation team.  The fi rst step of the 


process was to collect soil for the bricks, which was obtained from a fi eld neighboring 


the village where the soil contains a suitable composition (Figure 1).  The soil was then 


mixed with straw—which is the secondary product of the wheat grown around the 


village—since adding a large percentage of straw prevents cracking during the dry-


ing process (Figure 2).  Straw was purchased from a village farmer and separated into 


sections of about 15cm.  Almost equal amounts of straw and soil were mixed with wa-


ter (Figure 3).  Fikret and Soner created a pile of the soil and straw mixture and formed 


a depression in the middle in which they fi lled with water.  They then used their feet to 


stomp the straw, soil and water and shoveled more of the straw/earth mixture into the 


water (Figure 4).  After stomping, they removed the mixture and placed it aside.  After 


all the material had been mixed once, they stomped it again to achieve the proper 
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consistency.  


The mud mixture was left overnight to ‘yeast’—an analogy to bread making used by the 


brickmakers.  The brickmakers noted that if the mixture did not rest overnight, it would 


slump during the shaping process when the mould was removed.


After resting overnight, the mixture was supplemented with more water and remixed to 


achieve the proper consistency.  A wheelbarrow was lined with additional straw and 


a certain quantity of the mud mixture was placed on the straw.  In the meantime, the 


wooden frame mould used in traditional mudbrick making (owned by Fikret’s family) 


was acquired.  The mould has four openings for bricks and two handles.  After wash-


ing the mould with a wet rag, the mud mixture was then poured into the form by Soner 


(Figure 5).


Fikret kneaded the mud into the slots of the form to fi ll any voids (Figure 6).  Once rough-


ly kneaded into the mould, the wet rag was again used to wet the top of the mould 


and the mud mixture.  With a trowel, the tops of the bricks were smoothed (Figure 7).  In 


traditional mudbrick making, this would have been a large wooden trowel; however, a 


metal trowel was substituted for a wooden one.  Finally, the mould was lifted by its han-


dles (Figure 8).  The mould was then repositioned adjacent to the newly formed bricks in 


order to accept a new wheelbarrow load of the mud mixture.  Any excess mixture from 


one set of mudbricks was used to form the base of the next set of bricks.  The dimensions 


of the bricks made by this mould are approximately 40cm in length, 20cm in width and 


10cm in height.


Once formed, the bricks were then left to dry in the sun (Figure 9).  After a few days, the 


bricks were turned onto their sides.  This cycle continued until all sides of the bricks dried.  


They were then stacked and placed in long-term storage (Figure 10). 


Past generations of Fikret’s family have served as the mudbrick makers for the village of 


Yassıhöyük.  His father had started the business with three of his friends but later turned 


it into a family business.  The family would dig the soil behind their house, and the buyer 


would provide the straw.  The mixture would be made in the afternoon, and the kids 


were asked to help with the stomping and mixing.  In the morning, his father would work 


the mud to the proper consistency and carry the mixture to his mother, who kneaded 


the mixture into the mould, shaped the bricks and removed the mould.  The buyer paid 


for the bricks per mould, which had four mudbricks.  The earliest price Fikret could re-


member was 2.5 liras per four bricks.


The new houses in the village are now constructed of concrete and commercially 


manufactured bricks and, as a result, Fikret’s family no longer maintains the mudbrick 


business.  Additionally, many extant mudbrick houses do not receive the type of mainte-


nance they require.  Therefore, the earthen architecture of Yassıhöyük—as everywhere 


else in Anatolia—is being lost at an alarming rate.
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For example, the main source of income for villagers was historically through herding.  


Now with the transition to an irrigated agricultural economy, as well as with the migra-


tion of younger generations to larger cities, the villagers do not own as many animals.  


The animal pens, which were typically constructed of mudbrick, are now vacant, and 


maintenance is typically deferred. 


Due to the sustainable nature of mudbricks, it remains a desirable construction material.  


Maintaining the active use of mudbricks in both new and old construction is vital to the 


architectural and community preservation of Yassıhöyük.  
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Figure 1  Collecting soil for use in mud-


bricks.


Figure 2  Straw was mixed with soil to make 


the mudbricks.


Figure 4  Stomping the straw, soil and wa-


ter mixture.


Figure 3  Addition of water to soil and straw 


mixture.


Figure 5  Pouring the mud mixture into the 


wooden brick mould.


Figure 7  Using a trowel to smooth the tops 


of the bricks.


Figure 6  Kneading the mud mixture to 


eliminate air within the brick.


Figure 8  Lifting the wooden mould off the 


newly poured bricks.
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Figure 9  Rows of bricks left to dry in the 


sun.


Figure 10  The stacked mudbricks following 


production.
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Central Ramp from West


1955, Penn Museum Gordion Archive 2006


2009
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Citadel Gate from Northwest


1956, Penn Museum Gordion Archive 2006


2009
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Citadel Gate from Northwest


1956, Penn Museum Gordion Archive 2006


2009
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Southeast Wall of North Court from South


1955, Penn Museum Gordion Archive 2006


2009
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East Wall of South Court from East


1969, Penn Museum Gordion Archive 2006


2009
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North Court Interior from West


1956, Penn Museum Gordion Archive 2006


2009
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North Court Interior from West


1955, Penn Museum Gordion Archive 2006


2009
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East Interior Wall of North Court from West


1955, Penn Museum Gordion Archive 2006


2009
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Southwest Wall of North Court from West


1955, Penn Museum Gordion Archive 2006 2009
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Central Ramp from West


1955, Penn Museum Gordion Archive 2006


2009
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West Return of South Court from West


1955, Penn Museum Gordion Archive 2006 2009
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Northwest Wall of South Court from North


1953, Penn Museum Gordion Archive 2006


2009
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Megarons 1 and 2:  In 2009 the Megaron walls have deteriorated due to weathering with most extant fabric remaining buried (left); the 1957 image shows the walls immediately following excavation.  Penn Museum 
Gordion Archive


Megarons 1 and 2 from Northwest
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Megarons 1, 2 and 3:  In 2009 little visible fabric remains and site legibility is obscured by reburial (left); the 1961 image shows Megaron 3—the largest excavated Megaron building—in the foreground.  Penn Museum Gordion Archive


Megarons 1, 2 and 3 from Northwest
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Gord ion’s  excavat ions  have revealed the o ldest  known pebble  
mosa ic  pavements  dat ing to  the 8th  century  B .C.E .   Phryg ian ar t i sans  
c reated exqu i s i te  f loor s  w i th  geometr ic  pat terns  and random mot i f s  
in  red,  wh i te  and b lack  pebbles  s im i la r  to  the i r  in t r icate bronzework ,  
pot te ry  and fu rn i tu re  in lay .


An elaborate polychromed mosaic f loor f rom Megaron 2 was cut 
and l i f ted from its  or iginal location in the 1950s and placed 
outs ide at the Gordion Museum.  Other pavements remain on s i te 
await ing rescue, documentation and conservation.  Al l  these 
mosaics require study and much-needed conservation treatments.


   Documentation and recording  us ing laser scanning and  
   rect i f ied photography to produce 2- and 3-dimensional  
   records of the mosaic pavements.


   Material  and technological analysis  and condit ion   
    survey  to determine or iginal stone type, construct ion  
   methods and condit ion.


   Treatment test ing of conservat ion options .


   Treatment of moved Megaron 2 mosaic f loor.  


   In s i tu study of Mosaic Bui lding and f loors  including  
   exposure of pebble f loor and assessment of the   
   construct ion method and current condit ions.


   Treatment and display  of bur ied Mosaic Bui lding f loor.


Results   The proposed invest igat ion and stabi l izat ion program wi l l  
s ignif icant ly improve the stabi l i ty and presentat ion of the 
Megaron 2 pavement and wi l l  al low a new in s i tu display of the 
bur ied Mosaic Bui lding pavements.


Budget  $150,000/3 years


Architectural  Conservation Laboratory
UNIVERSITY OF PENNSYLVANIA      SCHOOL OF DESIGN


GORDION’S PEBBLE MOSAICS:  A CONSERVATION PLAN
Yass ıhöyük, Turkey


In col laboration with the Univers ity of Pennsylvania Museum of Archaeology and Anthro-
pology and Middle East Technical Univers ity;  Histor ic images courtesy of Penn Museum 
Gordion Archive


Year 1  


Year 4  


Year 2  


Year 3  







Sixty years of exposure to Anatol ia’s harsh cl imate has caused Gordion’s 
polychrome masonry wal ls  to deter iorate and destabi l ize.   Funds are 
urgently needed now to in it iate a program of documentat ion, analys is  
and conservat ion treatment.  


Year 1   Documentation and recording  us ing laser scanning and rect i f ied  
   photography to produce 2- and 3-dimensional representat ions,   
   sect ions and elevations.    


  Stone identi f ication and condit ion survey  to determine stone  
   types and character ist ics,  as wel l  as digital ly record patterns of  
   current and emergent condit ions.


Year 2  Analysis of  data col lected from laser scanning, photographic  
   documentat ion and condit ion survey.


   Treatment test ing  of stone and mudbrick.


Year 3   Development of a long-term conservation plan.  


Results  Conservat ion and stabi l izat ion of Gordion’s city wal ls  wi l l  ensure 
the citadel’s  urban form and architectural  character.   Intervent ion now 
wi l l  al low the or iginal masonry to be preserved and the wal ls  stabi l ized 
before reconstruct ion is  necessary.   Pavi l ion waysides can then be 
instal led along the vis i tor ci rcuit  atop the wal ls  providing panoramic 
views of the city and landscape.


Budget   $100,000/3 years


Architectural  Conservation Laboratory
UNIVERSITY OF PENNSYLVANIA      SCHOOL OF DESIGN


GORDION’S CITY WALLS:  A CONSERVATION PLAN


Yass ıhöyük, Turkey


Excavations in the 1950s revealed extensive remains of ancient Phrygia’s 
capital  city of Gordion.  An enormous citadel with a mass ive stone gate 
and surrounding stone wal ls ,  Gordion presents one of the most complete 
fort i f ied sett lements f rom the I ron and Bronze Age in Turkey.


In col laboration with the Univers ity of Pennsylvania Museum of Archaeology and Anthropol-
ogy and Middle East Technical Univers ity;  Histor ic images courtesy of Penn Museum 
Gordion Archive








APPENDIX L:  Visitor Circuit Wayside Viewing 
Platform Drawings


Lindsay Falck
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PLATFORM 2:  Plan at Deck, Railings and Display Panel Level
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PLATFORM 2:  Plan of Deck, Substructure
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PLATFORM 2:  Plan of Sun-Shade Canopy
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PLATFORM 2:  Longitudinal Section
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PLATFORM 2:  Cross Section
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PLATFORM 2:  Front Elevation
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1.0  Objectives


Leslie Friedman (LAF) and Sarah Cleary Stokely (SS) were tasked to continue the con-
servation work on the Terrace Building (TB) Complex at the site of Gordion, Turkey. This 
work and the conservation objectives had been previously established in the 2006, 2007, 
and 2008 fi eld seasons by SS and Kelly Wong (KW). As the fi rst year of a newly-funded 
fi ve year project for site conservation activities at Gordion, there is a new impetus and 
schedule for implementing tangible conservation interventions at the site with goals to 
address 1) material preservation and 2) site legibility and presentation.  The TB Complex 
is a major component of these objectives, and the 2009 fi eld season was intended to 
serve as a pilot season for further interventions related to material conservation and the 
presentation of architectural features.  The 2009 TB Complex team included LAF, SS, An-
gelo Lanza (AL), Elisa del Bono (EB) and Frank Matero (FGM).
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7/5/09  Depart Ankara for Gordion; site tour; discuss work plan for season.


7/6/09 Site tour with Naomi Miller (NM), discuss appropriate plant selections for 
soft-capping, slopes, and scarps for TB complex; discuss geotextile use 
and selection; tour Tumulus MM with Richard Liebhart and other conser-
vation staff; give tour of TB conservation issues to other conservation staff, 
including use of data loggers and soft-capping; tour with NM to Tumulus 
MM and larger site to discuss restoration of vegetation, environmental 
erosion patterns, and signifi cance of Gordion plant ecology.  


7/8/09 Begin work on TB; expose “windows” in masonry walls in TB1 and TB3 to 
evaluate stone condition; NM identifi es plant species growing in the TB 
Complex and discuss plant management approach (i.e. which plants to 
encourage and which to actively remove); FGM arrives, staff meeting to 
delineate projects and goals for 2009 fi eld season; goal for TB is to expose 
as much masonry in one unit as possible—given its current condition—and 
implement a range of treatments.


7/9/09 Site visit with UPenn team; examine condition of TB masonry at exposed 
windows; TB2 identifi ed as unit to serve as pilot for 2009 season; reveal 
masonry walls and determine treatment protocol, which will range from 
soft-capping, possibly hard-capping with a lime mortar, full-to-partial ex-
posure, reburial, drainage solutions, repointing, stone consolidation, and 
stone replacements; TB2 will serve as a model for rest of TB Complex.


7/10/09 Rebury reveals in TB1 and begin excavating TB2-2; Remove plants, previ-
ously added geotextile, gravel, and soil fi ll from three sections (one at 
each corner and one in the middle) to remove the data loggers; locate 
and remove the two data loggers that were installed in 2008; due to 
severe splaying, two large sections of fi ll served as wall buttresses while 
excavating the other areas; examine walls for moisture and appearance 


2.0  Schedule
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of salt upon excavation; download micro station data; staff meeting to 
discuss data management system and metadata.


7/11/09 Continue removing fi ll from TB2-2 along the slopes and wall top; remove 
Poa sod and store plants in wooden boxes lined with geotextile for later 
replanting; remove small rocks and soil used as fi ll material by Mark Good-
man (MG) to reduce the load on the wall top and prevent collapse; ap-
proximately 10cm of soil left on stone face to act as poultice to remove 
salts. 


7/12/09 Finish exposing TB2-2, noting moisture and evidence of salts; due to the se-
vere incline of the wall, wood bracing is installed in two places to provide 
support until treatments are determined.


7/13/09 Elevation photos taken of the entire TB Complex; photographs taken 
of all apparent conditions of TB2-2; develop numbering system for all TB 
walls; create photographic labeling system; condition key and glossary 
researched and completed.


7/14/09 Complete condition survey in TB2-2 of the three sections that had been 
assessed in previous years; help KW mortar disassembled area of Citadel 
Gate roof where pilot capping system had been installed; identify areas 
of  growth for harvest for the green caps; photograph and data manage-
ment for TB.


7/15/09 Continue cleaning TB2-2 to clarify the construction methods and stone 
conditions; identify original material and remove what is believed to be 
material added during a previous intervention by MG.


7/16/09 Data management for TB; scan historic photos of TB for Dossier.


7/17/09 Finish cleaning and exposing TB2-2; begin work on TB2-5 and TB2-1 to 
clear, document, and assess conditions.


7/18/09 Photographic and data management for TB Dossier; print historic aerial 
photographs for fi eld reference; research UPenn archives for additional 
historic material for TB Dossier; begin helping AL with stone reattachments; 
clean and expose TB2-1


7/19/09 Create photomontage of TB2-2 elevation; place MG’s archives on Penn 
server; continue cleaning TB2-1 and document the construction methods, 
materials and conditions.
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7/20/09 Finish cleaning and exposing TB2-1 wall to document and assess condi-
tions; discuss capping methods and treatments for entire TB2 unit; fi nish 
placing MG’s archives on UPenn server.


7/21/09 Finish clearing exterior side of TB2-1; begin cleaning joints and cracks on 
TB2-1 for micro grouting and epoxy reattachment; begin sieving brick dust 
and sand to prepare grout mixture.


7/22/09 Perform grout tests with different lime to aggregate ratios; aggregate 
used is a combination of sand and brick dust; begin training with AL in 
epoxy reattachment. 


7/23/09 Trip to Polatli for grouting supplies; perform additional grout mix tests; col-
lect stone samples from TB2, taking at least one sample from each stone 
type; samples sent back to UPenn ACL for analysis.


7/24/09 Continue cleaning and assessing construction techniques on TB2-1.


7/25/09 Continue work on TB2-1 and expose foundation course; clean joints in 
preparation for grouting; cap southern section of TB2-1 with white textile 
and expansive clay as temporary protection for end of season; begin soft 
capping TB2-2 with white textile and mix of clay and soil, as temporary 
protection for season. 


7/26/09 Continue capping on TB2-2; begin grouting stones in TB2-1.


7/27/09 Continue grouting TB2-1 and edging with a mortar mix of 1:3 (lime:sand); 
complete capping on TB2-2; stone buttressing added for support.


7/28/09 Sieve gravel and sand for grout mix.


7/29/09 Continue grouting and edging TB2-1.


7/30/09 Finish grouting and edging TB2-1.; grout TB2-5.


8/3/09 Clean up.


8/4/09 Depart for Ankara airport.
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The TB program continued during the 2009 fi eld season at Gordion.  The objectives for 
this season included dissemination of fi eld project knowledge to new graduate interns 
and conservators working at the site and TB Complex, documentation of reburied walls, 
collection of data from data loggers, condition assessments of the three main sections 
from the TB Unit 2 (TB2) pilot program, and development of guidelines for future work at 
the TB Complex.  During the 2009 fi eld season, various conservation interventions were 
discussed and implemented at TB2, including reburial, partial reburial, exposure, sta-
bilization, stone consolidation, pinning and/or replacement.  The treatment plan was 
based on the condition survey and assessment of the exposed masonry.  A combination 
of treatments was implemented within one TB unit.  Three main areas of concern remain 
for the TB Complex program:  the overall poor condition of the stones, salts present in 
the stone and soil, and drainage.  These issues will have to be addressed in order to en-
sure the effi cacy and success of the TB treatment program.


 


3.0  Summary of Activities


Figure 1  Overview of Terrace 
Building Unit 2.
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4.1  Native Plant Growth at Pilot Reburial Area
In comparison to previous fi eld seasons (2006, 2007, and 2008), an exceptional amount 
of plant growth occurred this year due to high rainfall in 2009 (Figure 2). The dense 
establishment of vegetation on the TB capping and slopes suggests that soft capping 
and reburial/partial reburial with native plants are viable conservation options for the TB 
walls.  In previous years, little to no plant establishment occurred. It will be crucial, how-
ever, to manage the plant growth each year at the site in order to prevent unwanted 
and destructive plants from growing (refer to Terrace Building Plant Guide in Appendix 
H). 


4.0  Current Conditions


Figure 2  The exceptional growth covering the reburied TB2 slopes and 
caps.
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4.2  Masonry 
After exposing TB2-2, the southeast corner showed signifi cant dampness and evidence 
of salts when the gravel fi ll was removed (Figure 3).  The rest of the wall displayed some 
dampness and salts as well, but the conditions in the southeast corner were more se-
vere, indicating that the water and moisture is not properly or adequately draining from 
TB2-2.  Additionally, the edges of the large capstones in TB2-2 are in very poor condition 
and show multiple fractures (Figure 4).  Little structural integrity remains. Moreover, there 
is signifi cant loss in the central portion of the wall that can also be seen in Mark Good-
man’s photographs from 1998 and 1999.  This area of stone loss had been fi lled in with 
soil, rubble and sand; however, most fi ll material was removed. 


Figure 3  The southeast corner of 
TB2-2 showing evidence of salts.


Figure 4  The large capstones are 
in poor condition and contain 
multiple fractures.
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5.1  Introduction
The pilot program initiated in 2006 focused on testing and monitoring alternative ma-
terials and methods for reburial and soft capping on TB2-2.  Data Loggers (HOBO Micro 
Stations) were installed in three separate sections of the wall (Figure 5).  Each section 
contains a distinct combination of wall covering, wall capping and native plantings 
on its cap and/or slope.  Data loggers were installed in the slope and wall capping of 
each section to measure temperature, relative humidity and moisture four times a day 
at six-hour intervals for one year.  The exact methods of installation of the data loggers, 
reburial and capping, and the subsequent analysis of data collected from the data log-
gers in 2006 and 2007 are detailed in the Terrace Building 2 Field Reports for 2006, 2007, 
and 2008.1,2,3


During the 2008 fi eld season, only two data loggers were installed in Sections I and II of 
the pilot wall.  It was decided to install these two data loggers for an additional year in 
an attempt to bridge the data gaps from previous years of testing.  Several data loggers 
failed to record moisture content and/or temperature over the three years of testing.  
Based on the results from the 2008-2009 data loggers, the collected data does not pro-
vide any additional information needed to bridge the data gaps.  The moisture probe 
failed to measure any water content and the temperature/relative humidity data paral-
leled with the previous years of data collection.


1  Erder, Evin and Sarah Cleary. Gordion 2006: Field Report for Terrace Building 2. Unpublished 
report from Division of Historic Preservation at the University of Pennsylvania. 2006.
2  Stokely, Sarah. Gordion 2007: Field Report for Terrace Building 2. Unpublished report from 
Division of Historic Preservation at the University of Pennsylvania. 2008.
3  Stokely, Sarah. Gordion 2008: Field Report for Terrace Building 2.  Unpublished report from 
Division of Historic Preservation at the University of Pennsylvania. 2008.


5.0  2006 TB2 Pilot Program







December  2009


C9


GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


5.2  Results from Data Loggers
The data downloaded from the data loggers was graphed using HOBOware Pro soft-
ware.  The moisture probes of each data logger failed to record accurate measure-
ments.  It remains unclear if the failure occurred from a hardware malfunction, since the 
data logging system had been in use for three years.  The temperature/relative humidity 
probes successfully collected data; however, Data Logger 1 only measured up to the 
middle of April.  The data collected from the temperature/relative humidity probes is 
consistent with the data collected from the previous years of testing. The maximum tem-
perature ranged from 27°-30°C (81°-86°F) in July, and the minimum temperature ranged 
from 0°-3°C (32°-37°F) in January.


5.2.1  Data Logger 1
Data Logger 1 was placed in Section II of the pilot wall and tested the moisture and 
temperature/relative humidity in the slope area (refer to Figure 22). While the moisture 
probe failed to collect accurate data, the temperature probe did successfully collect 
data from July 2008 to mid-April 2009.  The temperature ranged from 3°C to 27°C (37°F 
to 81°F).  The maximum temperature (27°C) occurred in July 2008, and the minimum 


Figure 5  The three wall sections originally chosen for the 2006 Pilot Reburial Program.
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temperature (3°C) occurred in January 2009.  The relative humidity remained close to 
100% throughout the entire testing period.


5.2.2  Data Logger 2
Data Logger 2 was placed in Section 1 of the pilot wall to test the moisture and temper-
ature/relative humidity in the slope area (refer to Figure 23). The moisture probe failed 
to collect accurate data.  The temperature probe successfully collected data from July 
2008 to July 2009.  The temperature ranged from 0°C to 30°C (32°F to 86°F).  The maxi-
mum temperature (30°C) occurred in July 2008 and the minimum temperature (0°C) 
occurred in January 2009.  The relative humidity remained close to 100% throughout 
the entire testing period; however, its slope is different from Data Logger 1.  The relative 
humidity did not immediately reach 100% in the beginning of the testing program.


5.2.3  Discussion
After three years of data collection, the TB2 Pilot Program has showed that soft wall cap-
ping and reburial are viable options for future treatments at the TB Complex.  Any future 
installations of soft capping and/or reburial programs will need to address the issue of 
proper drainage due to the presence of salts in the stones and reburial soils.


The Typar geotextile fabric provided the best landscaping barrier against plant root 
growth in the soft capping and reburial program.  During removal of data loggers during 
this fi eld season, it was apparent that some plant growth penetrated the Typar geotex-
tile fabric; however, in comparison to other fabrics tested for this pilot project, this fabric 
performed the best in comparison to the white geotextile fabric and the polyethylene 
sheeting, which were both used in Mark Goodman’s capping program.  As discussed 
in previous reports, the Typar geotextile fabric is water vapor permeable/liquid water 
impermeable which is needed in reburial environments.


Diverse plant species were successfully established this season.  Based on observations in 
previous years, the transplanted vegetation survived during the worst drought conditions 
and should be considered for future soft capping projects.  After three years, it appears 
the seeds and mudballs successfully germinated.  For further analysis, see N. Miller’s 2009 
fi eld report in Appendix G.  Plant maintenance will be critical for the success of soft cap-
ping and reburial at the site.
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The condition survey involved the documentation of all exterior and interior walls in TB 
units 1-4, additional detailed photography of TB2-2 (part of the 2006 TB2 Pilot Program), 
the establishment of a descriptive terminology of the stone conditions and the assess-
ment of the 2006 TB2 Pilot Program reburied wall sections.


6.1  Documentation Methodology
All interior and exterior walls of TB units 1-4 were digitally photographed.  Images were 
taken at equidistance from the subject wall in order to produce rectifi ed and montaged 
photographs for current and future comparisons.


TB2-2 was photographed immediately after the removal of the reburial materials.  Three 
sections of this wall were used as test areas for the 2006 TB2 Pilot Program (refer to Figure 
5).  The documentation conducted during the 2009 season included more detailed 
images, including full elevation photographs taken approximately two meters from the 
wall.  This documentation was used to annotate the different conditions observed on 
the three wall sections during the condition survey.  A descriptive terminology of stone 
conditions was created for the on-site survey, which categorized the conditions into four 
main types: cracks and deformation, detachment, material loss, and discoloration and 
deposit.  A glossary was designed to provide defi nitions of terminology and illustrate an-
notations used to demarcate various conditions. 


The survey was conducted by annotating specifi c conditions on photographs placed in 
Mylar sleeves. Each condition was given a different color and symbol on the annotated 
photographs.  The condition key and annotated photographs show the various condi-
tions observed during the fi eld condition survey (Figures 6-9).  Only the three exposed 
wall sections (notated as Sections I-III) from the TB2 Pilot Reburial Program were surveyed 
(refer to Figure 5).


6.0  Condition Survey
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Cracking-Minor
Surface cracking or cracks that are less 
than 1/8” wide.


CRACKS and DEFORMATION


Cracking-Major
Cracks that are at least 1/8” wide or 
larger and of any orientation. 


Fracture
Any crack that completely goes through 
the stone. 


Displacement / Deformation
Displacement is any movement or 
separation more than ½”.  Deformation 
is any change in shape.


Delamination
Separation of stone into one or more 
layers of variable size and shape. 


DETACHMENT


Disintegration
Granular detachment.


Fragmentation
Complete or partial breaking of the 
stone.


MATERIAL LOSS


DISCOLORATION & DEPOSIT


Stone Loss
Missing stone material or whole stone in 
the masonry wall. 


Effl orescence
Soluble salts crystals or powder on the 
surface of the stone. 


Encrustation
A compact hard mineral layer adhering 
to the surface and most likely carbonate if 
found on sandstone or limestone.


v v v
vv


v v v


v
vv


v


v


v
vv


v v v
vv


v v
vv vv


+ / -
Figure 6  Glossary for Terrace Building 2 conditions.
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6.2  Results
This 2009 condition survey was conducted three years after the installation of the initial 
TB2 Pilot Program.  The goal of the 2006 TB2 Pilot Program was to determine which reburi-
al and capping system provided the best level of protection for the already signifi cantly 
deteriorated stones.  The overall condition of the stones at the TB Complex is poor due 
to the destructive fi re during the early Phrygian Period (800 B.C.E.) and to the later ar-
chaeological excavations that left the stones uncovered and unprotected for over fi fty 
years.4  The stones from all three sections continue to show signs of advanced deterio-
ration; however, minimizing their exposure to water, salt crystallization and freeze-thaw 
cycling will decrease the rate of deterioration.


6.2.1  Section I


Located at the northern end of the wall, Section I showed signifi cant amounts of frag-
mentation and stone loss on the upper two courses, disintegration in the center of the 
wall section, and effl orescence and encrustations on the lower courses (Figure 7).


6.2.2  Section II


Section II, located at the center of TB2-2, showed a large area of stone loss in the upper 
and middle sections, disintegration and fragmentation in the upper and middle courses, 
and concentrated areas of effl orescence and encrustations on the lower two courses 
(Figure 8).


6.2.3  Section III


Located at the southern end of TB2-2, Section III showed the highest amounts of effl o-
rescence and encrustations in comparison to the other two wall sections surveyed.  The 
effl orescence and encrustations were apparent in all the stone courses and were not 
concentrated on the lower two courses as in Sections I and II.  This area of the wall ap-
peared signifi cantly damper following removal of the reburial materials in comparison 
to the other two sections.  Considerable amounts of fragmentation and disintegration 
were evident on the top and lower courses.  The disintegration could possibly result from 
effl orescence (Figure 9).


In comparison to the previous condition surveys conducted in 2006 and 2008, it appears 
that effl orescence remains problematic.  After the sandbags were removed in 2006, 
effl orescence was visible on all three wall sections.  The design and implementation of 
future treatments at the TB Complex will need to address salt-related deterioration.


4  Erder, Evin and Sarah Stokely. Gordion 2006: Field Report for Terrace Building 2. Unpublished 
report from Division of Historic Preservation at the University of Pennsylvania. 2006. Pages 7 – 13. 
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Figure 7  Condition survey of Section I showing signifi cant amounts of fragmentation, 
stone loss, effl orescence and encrustations.


Figure 8  Condition survey of Section II showing further stone loss, disintegration and frag-
mentation, and areas of effl orescence and encrustations.
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Figure 9  Condition survey of Section III showing the highest amounts of effl orescence 
and encrustations.
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In addition to the condition survey and continuation of the 2006 TB Pilot Program and 
data analysis, a detailed survey of the masonry construction techniques employed in 
TB2 was conducted.  Again, this method of observation should serve as a model for the 
rest of the TB Complex. 


 7.1  TB2-2


TB2-2 is approximately 13 meters long; its width varies from 130-160cm, depending on the 
angle of the outward splay (Figure 10).  Constructed of ashlar cut stone masonry, the 
front veneer faces are tooled and shaped, and the inner portion is unworked. The wall 
is four courses in height, but several central blocks in the top (fourth) course are missing. 
The wall is composed of various limestones and siltstones, which may be calcareous. 
The limestone blocks include a very porous, tan/light gray tufaceous fossilitic limestone 
and a denser and harder dark gray limestone.  The denser stone appears almost volca-
nic, but contains fossils, which suggests it originates from a sedimentary—rather than an 
igneous—rock.  A dense, red limestone appears in the wall; however, this stone could be 
the dark gray limestone with its reddish color being derived from oxidation, which could 
possibly result from the 9th century BCE fi re.  A tan shale/siltstone has been identifi ed in 
the wall construction as well. Stone samples were taken by LAF and sent to UPenn’s ACL.


7.0  Documentation of Construction Methods


Figure 10  Montage of TB2-2 elevation.
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The stones are cut uniformly in height and length and appear to be laid head to head.  
The sizes of the stones increase in the middle courses. The size of the lower courses re-
mains consistent; these stones measure approximately 70cm long and 15cm high.  The 
bottom courses are wider and longer, while the upper course is thinner but deeper into 
the core area. Siltstones are used horizontally to level courses (Figure 11). Siltstones are 
also set vertically in a gray and red clay matrix to fi ll voids (Figure 12). The dark gray or 
red limestone is also used for this purpose (Figure 13). Aside from the clay bed used in 
areas with voids, there is no evidence of mortar, and the veneer was likely dry laid. There 
are no apparent mortar-protective chinking stones. 


Figure 11  Siltstone used to horizontally level 
courses.


Figure 12  Siltstones set vertically in a clay matrix 
to fi ll voids.


Figure 13  The dark gray or red limestone used to fi ll voids.
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The capstones are quite deep (40cm-70cm), but are not as wide as the underlying 
header stones. These capstones come farther over the center core to seal the cav-
ity. The top stone course is large and thin and likely served as the base for the upper 
wall section, which would have been constructed out of mudbrick and wood. This top 
course is in very bad condition—largely fractured with little integrity. The rubble core 
consists of siltstone fragments and a clay matrix. There is approximately 20cm of fi ll still 
present between the top (fourth) course and the third course (Figure 14).


Figure 14  Discovery of the poor condi-
tion of the TB2 capstones after removing 
burial material.


Figure 15  Detail of the masonry bonded 
corners of TB2-2.


Figure 16  Drawing of the southwest corner of TB2-2 by 
Lindsay Falck (arrow indicates bonding into adjacent 
wall).


The corners contain six extant courses, which are masonry bonded; every two courses 
interlock to increase stability in the masonry system. The corners are comprised of shorter 
stones and contain numerous small stones to fi ll voids (Figures 15 and 16). As a result of 
the general construction—and particularly the masonry bonding—the corners have 
remained more intact than other areas of the wall. 
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7.2  TB2-1


TB2-1 is approximately 1.4m wide and exhibits the same cut ashlar stone construction as 
TB2-2 (Figure 17).  TB2-1 contains a maximum of fi ve courses (including the foundation 
level) at the two corners, with only the foundation course remaining in the wall center.  
The stone blocks are a combination of limestones, including the same tan-gray tufa-
ceous porous limestone in TB2-2.  There is some evidence of mud plaster on the lower, 
northern stone courses.  The corners, like those on TB2-2, are masonry bonded and 
interlock every two courses.  The capstones that remain are highly fractured, and sev-
eral were previously repointed by MG to prevent total loss.  Approximately 2m from the 
northern corner, the wall is reduced to two courses of very large stones.  Approximately 
5.25m from the northern corner, the stone courses disappear altogether—a gap that 
MG had infi lled with a sand and soil mix.  The stone blocks consist of the same lime-
stone as found in TB2-2, although TB2-2 has more variety of stone type.  The capstones 
measure approximately 40-60cm deep and 15-20cm wide, while the lower courses are 
consistently 21cm wide.  The rubble core composition is the same as the other walls in 
TB2, which are composed of stone fragments and siltstone in a clay matrix and covered 
with two masonry veneers.  MG had also topped the rubble core with small rocks before 
reburying the wall.  Historic photos show that little (or no) stone remained in the central 
portion of the wall upon excavation. 


Foundation stones, which were laid horizontally and abutting or almost abutting the 
wall, were uncovered along the northwestern corner of TB2-1 (Figure 18).  They are 
made of both schist and limestone and measure 30-60cm in length.  The foundation 
courses were also uncovered in the middle of the wall, where it was previously believed 
that the wall contained no extant stones.  Foundation stones were not noted along any 
of the other walls in TB2. 


Figure 17  Montaged elevation image of TB2-1.
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The southern end of TB2-1 shows three remaining courses of cut ashlar masonry com-
posed mostly of the tufaceous fossilitic porous limestone.  A leveling course of siltstone 
exists over the bottom course.  The stones vary in length from 40-120cm, and are more 
consistent in height at 20-25cm.  The capstones measure 40-80cm in width, 50-70cm in 
depth, and 10-15cm in height. Many of the capstones, however, are not original.  Three 
northern capstones and one at the southern corner are original; additional capstones 
were installed by MG.   Although the rubble core is composed of the same original 
siltstone and clay/soil matrix found in adjacent walls, MG introduced a large aggregate 
sand to level the core material. 


Figure 18  Limestone and schist foundation stones discovered at the northwestern 
corner of TB2-1.
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8.1  Native Plant Selection
The careful selection of plant species for soft capping, wall slopes, general reburial 
and escarpments is critical to the success or failure of the system.  Working with an ar-
chaeobotonist to identify which native plant species are compatible with the masonry 
conservation efforts should be an encouraged practice.  Destructive plants (i.e. those 
with deep, penetrating roots) should be removed.  The Poa is a perennial grass with 
short, shallow roots (Figure 19).  It is sod-like and provides signifi cant ground coverage 
to prevent invasive species.  Poa will grow slowly and spread to cover the wall caps 
and slopes, which will result in high moisture absorption.  Additionally, introducing an-
nuals such as Androsace maxima (Figure 20) will provide fuller coverage and, together 
with the Poa, will offer “competitive exclusion” to prevent destructive species—those 
that spread rapidly and have deep roots—from establishing themselves.  The combina-
tion chosen as the top vegetative layer of the soft capping system includes introduc-
ing transplanted Poa sod and Androcase seeds to populate the capping system with 
shallow-rooted, low maintenance plants.  Plant maintenance is a key component to the 
treatment protocol for reburied masonry walls within the TB Complex.  


8.0  Treatments


Figure 19  The perennial Poa grass used to 
cover the tops of the soft capping systems.


Figure 20  Androsace maxima is used to pro-
vide full coverage in the soft capping system 
and prevent unwanted species.
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Due to time limitations, the TB 2 unit was partially treated, and untreated walls were 
reburied for the 2010 season. This unit should serve as an excellent pilot and model for 
the rest of the Terrace Building Complex.  The masonry conservation, in conjunction with 
the implementation of a plant management plan, should allow for large areas of the TB 
masonry to be exposed and create legibility of the TB Complex’s plan. The overall goal is 
to reveal as much masonry as possible for the presentation of the site, which is viewed in 
plan from the visitor circuit above (Figure 21). 


Recommendations and goals for the 2010 fi eld season include:


Expansion of the illustrated Plant Management Guide and imple-• 
mentation of a plant management system.
Fully complete the TB2 unit, including the complete capping sys-• 
tem using the native plant selection.  
Identify a drainage solution for the TB Complex. The presence of • 
salts cannot be avoided, as they are in the soil, but the effects can 
be minimized if a proper drainage system is installed in the area, 
and throughout the site.
Update 5-year plan for the TB Complex based on new project • 
funding and the work completed during the 2009 fi eld season.
Test the soil, sand, and stone samples sent to UPenn’s ACL for salts • 
and develop a treatment program.


9.0  Recommendations for Future Work
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Figure 21  View from the visitor circuit of the progress made during the 2009 fi eld season to reveal 
the walls of TB2 and increase legibility of the Terrace Building plan.







December  2009


C24


GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


10.0  Data Logger Graphs







December  2009


C25


GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


Figure 22  Results of temperature and relative humidity from Data Logger 1.


Figure 23  Results of temperature and relative humidity from Data Logger 2.
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Field Report, Recommendations, and Considerations for 2009/2010 


Terrace Building 2 and Gate Building Caps: 


Plant-related Activities 


 


Naomi F. Miller 


July 8, 2009 


 


This report discusses the Terrace Building 2 wall stub and “Gate Building” hard cap 


experiments. In addition, I will briefly discuss some ideas for the slump at the edge 


of the old excavations and for the flat open area that at present is cut annually in 


June. All of my suggestions are based on the presumption that managing the 


vegetation within the confines of the site can, in the long term, reduce labor costs, 


improve the aesthetic and intellectual experience for visitors by delineate or de-


emphasize some features, and protect the unexcavated areas.  An uninterrupted 


cover of shallow-rooted species is the best way to reach these goals. The general 


principle is that the roots of densely growing plants will take in the water from 


precipitation and bring it back up into the aboveground biomass. Shallow rooted 


perennials with sod-like form have the additional advantage of keeping undesirable 


(i.e., deep-rooted) plants from taking root. Two questions are which plants do we 


want to encourage or discourage, and what is the best way to do that. 


 


The winter of 2008/2009 was very wet, and probably warm. Therefore the annual 


plants were as dense as anyone (Zekeriya, the weeders, me) could remember. I 


repeat much of the discussion from last year, so the reader does not have to dig up 


that report. 


 


Terrace Building 2 


 


The corners of TB 2 are oriented more or less to the cardinal points. In consultation 


with Mary Voigt, we decided to call the wall either the SE wall of TB2 or the party 


wall between TB 1 and TB 2. For the tops of the wall stubs, we want short, shallow-


rooted plants only. The shallow soil on the wall stub helps keep even medium-sized 


plants short. For the slopes below the wall stubs, we want short, shallow-rooted 


plants, but it’s ok if they are a little taller. For now, the center of the room is being 


cut annually; possible interventions apply to the entire excavated area. 


 


Results of the 2008 intervention (species list in Table 1) 


1. Wall top. There were 4 treatments. From the south to east corners:  


The transplanted Poa clumps continue to survive, and have essentially kept out 


other plants. In the seeded area, a number of Poa clumps have become established, 


and the cover is more diverse. The area of Poa mudballs has a lot of tall annuals, 


especially Descurainia sophia, and no Poa has taken hold. As predicted for a wet 
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year, the “no treatment” stone area has fewer/shorter plants than the open area of 


mudballs. 


 


2. Northwest slope. The plants are amazingly high, mainly Bromus tectorum, with D. 


sophia and Sisymbrium altissimum, all of which were going to seed on June 8. They 


hide the shorter plants. Plant cover was 100%, and a few of the medusa-head grass 


mudballs and seeds (Taeniatherum caput-medusae) planted by Sarah and Kelly in 


2008 survived. 


 


3. Southeast slope (facing TB 1). As usual, the plants tended to be fewer and shorter 


here, and the cover was much less than 100%. 


 


4. Before the weeders came, the vegetation was quite high and dense. In contrast, 


Poa fills much of TB 1, and keeps out other plants. 


 


I did not have time to cut or uproot any of the plants except some Lactuca and 


Atriplex. There should be pictures of most of these plants in Mac’s guide to plants, 


and in some photos I have taken.  


 


Table 1. Plants seen growing on or near the TB2 wall experiment in June 2009, in 


alphabetical order by family. 
Type seen in TB2 or on wall uproot 


or cut? 
habit Description, comments 


Asteraceae (daisy family) 
Anthemis sp. 


 
no 


 
A 


 
short, shallow rooted (daisy-like); dead 


Carduus nutans yes B deep taproot (thistle) 


Chondrilla juncea yes B/P deep taproot 


Crepis no A dandelion-like-cut if tall 


Lactuca serriola yes A/B deep taproot 


Boraginaceae (borage family) 
Lappula patula 


 
no 


 
A 


 
short, shallow root 


Nonea caspica yes A? can be a big sprawling plant; cut 


Rochelia disperma no A short, shallow root 


Alyssum nm 1648* no A short, shallow root; don’t discourage 


Brassicaceae (mustard family) 
Descurainia sophia 


 
yes 


 
A 


 
tall: aesthetic issue 


Lepidium perfoliatum no A short, shallow root 


Sisymbrium altissimum yes A tall, also deepish spreading root 


Caryophyllaceae (pink family) 
small…Saponaria? 


 
no 


 
A 


 
short, shallow root 


Chenopodiaceae 
Atriplex cf. lasiantha nm 1237 


 
yes 


 
A 


 
deep, spreading root 


Salsola cf. ruthenica yes A? deep spreading root 


Dipsacaceae 
Scabiosa rotata 


 
no 


 
A 


 
short, shallow root 


Fabaceae (clover family) 
Astragalus 2347 


 
yes 


 
A 


 
medium-deep root, I think 


Trigonella 1257 no A small plant, thin root; encourage 


Trigonella coerulescens yes A medium-deep root, I think 
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Geraniaceae (geranium family) 
Erodium cicutarium 


 
yes 


 
A 


 
can grow large; cut 


Poaceae (grass family) 
Bromus tectorum 


 
yes 


 
A 


 
grows tall, but grass, so thin spreading roots 
that can keep soil in place 


Eremopyrum bonaepartis no A encourage 


Eremopyrum cf. triticeum no A encourage 


Hordeum murinum yes A nasty spikelets, but grass, so thin spreading 
roots that can keep soil in place 


Poa bulbosum no P encourage as much as possible 


Stipa arabica no P tall grass in center, good for slump 


Taeniatherum caput-medusae, planted* no A encourage, especially on slopes below wall 
tops 


Primulaceae 
Androsace maxima** 


 
no 


 
A 


 
tiny rust-colored plant; good for between Poa 
clumps. Encourage 


Rubiaceae 
Galium verum† 


 
yes 


 
P 


 
small shrub (with yellow flowers, slender leaves 
in whorl; too deep to uproot, but should be 
discouraged 


Habit: A=annual; B=biannual; P=perennial 


 


Table 2. Seeds collected this year for use on Gate Building and TBs 
Plant Collection date Collection place Purpose 


Poa bulbosa June 20, June 23 near Clay Cut, in Citadel Mound, back 


perennial garden. Clumps can be 


mined from plain outside Citadel 


Mound 


For wall stubs; 


intersperse with 


Poa clumps mined 


from the plain 


Androsace 


maxima 


late June, early July front perennial garden, Citadel Mound Add to Poa seeds 


for variety 


Eremopyrum 


triticeum 


June 23 wall stubs of TBs plant seed on wall 


stubs 


Taniatherum 


caput-medusae 


July 7 along train tracks plant seed on slope 


below TB2 wall 


 


Figure 1. Diagram of TB2/1 wall stub. 
 Stones “no treatment” Poa mudballs Poa seeds Poa clumps 


SE few plants few plants few plants D. sophia, H. murinum 


top varied, less than mudball 


area, more than seeded 


area 


no Poa, lots of 


Descurania 


Poa + others Almost pure Poa clumps 


NW dense, tall Bromus 


tectorum; also Sisymbrium 


 


dense, tall 


Bromus 


tectorum; also 


D. sophia 


dense, tall 


Bromus 


tectorum; also 


D. sophia 


dense, tall Bromus tectorum; also 


some Galium verum 


 


Actions and plans for TB2 during the 2009 field season and beyond 
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Actions. I took photographs and video of TB2. In June, I removed some Atriplex cf. 


lasiantha (the “chenopodiaceous” plant mentioned in the videos) and Lactuca 


serriola, so they wouldn’t go to seed or grow bigger. I left the rest, but after I leave 


it’d be a good idea to cut some of the tall growth. I showed Meredith and Leslie the 


common plants; they took notes and photographs. 


 


Plans. Remove the undesirable plants from the wall stubs and slopes. Cut back the 


Galium verum in the corner, and if they’re not too big, uproot the smaller ones that 


you may see.  On the slopes, Sarah and Kelly will still try to get the medusa-head 


grass to take; this year, just seeds, not mudballs, however, should be set in the slope. 


End the experiment on TB2, and just plant Poa (seeds, mixed with some Androsace). 


In another section (TB2 or some other wall stub), try planting the Eremopyrum 


triticeum seeds. 


 


If time permits, extend the TB2 approach to all the TB wall stubs. To do this, it will 


be necessary to mine Poa clumps from the plain. In order to not disturb the soil 


surface too much, take many small clumps, so that the remaining clumps can infill. I 


suggest everyone out there collecting take a big plastic bag to collect the clumps. Put 


a little water in to keep it moist, and then within a few hours, place them on the 


prepared wall stub. I suggest this work be done as early in the day as possible (i.e., 


before it gets really hot). 


 


2010. It’d be a good idea to remove the undesirable plants BEFORE they go to seed 


(i.e., in June, 2010). This year or next, there is some thought to put Poa on all the 


wall stubs; in my opinion, that is a good idea. 


 


 


Gate Building Hard Cap 


 


Last year, Sarah and Kelly removed a small bit of the cement capping on the Gate 


Building hard cap. Across the upper and lower section, they put a couple of courses 


of mudbrick. The uphill wall was to absorb some of the water flowing down from 


the hard cap, and the downhill wall was to make sure the soil didn’t wash away. 


They transplanted Poa bulbosa from nearby very densely on the uphill part, in the 


middle third they planted cute rows of Poa seed, and on the downhill third they put 


some medusa-head grass.  


 


Results of the 2008 intervention. 


The sod clumps took off, and produced scads of inflorescences.  


The Poa seeds grew very well, but the individual clumps are a couple of cm in 


diameter. The Taeniatherum sprouted, but is relatively sparse.  


 


Actions and plans for the Gate Building hard cap during the 2009 season and 


beyond. 
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Actions. Two thistles (Onopordum) and a Carthamus sprouted, and have been 


removed. Alex, Sarah and Kelly are going to check the data loggers to see if moisture 


was kept from seeping in. 


 


Plans. From discussion, if the plants work to keep moisture out, the rest of the cap 


will be removed. If seeds are to be planted, it should be the Poa mixed with a bit of 


Androsace. Or put in clumps. There was some discussion about geotextiles or 


drainage systems to underpin the cap if the entire cement cap is removed. Also, as 


we discussed, if the entire area is to be done, spacing one- to two-course mudbrick 


retaining walls every meter or so up the slope will help plants get established. 


 


Mudball Favor for Naomi 


 


We made about 95  Festuca mudballs, filled with seeds collected from the back 


perennial garden, by mixing the seeds in with the soil before adding water. 


Sometime before the end of the season, Sarah and Kelly will dig one or two 5-cm 


deep trenches about 30 cm from the wall near the back gate (between the showers 


and the former toilets), and drop the Festuca balls in it (say, 10 cm spacing, give or 


take). 


 


Longer-term Plans and Considerations 


 


Because the site is open-air, any long-term management of the site will have a major 


botanical component. It would help if we started thinking of the site as a specialized 


kind of garden. In that garden, there are several management zones, each with their 


own problems and solutions. The goal is a non-natural collection of relatively 


shallow-rooted plants. We are fortunate that the natural vegetation of the region is 


steppe. Grasses have slender roots that do not go very deep (typically, the taller the 


grass, the deeper the root mass…from about 2 cm to a maximum of about 50 cm). 


Other perennials, and some annuals, have deep spreading roots, or deep tap roots. A 


good reason to reduce the populations of those plants even in areas where they are 


not harming the underlying ruins is that they produce seeds that blow onto areas 


where you don’t want them. Generally, perennials tend to grow slowly, produce 


seeds and grow less plant matter. By gradually shifting the standing biomass (i.e., 


living plants) to slow-growing perennials, the more invasive and undesirable plants 


will decline in proportion. 


 


The Citadel Mound as Botanical Garden 


Exposed wall stub zone. even if Poa on the soft caps does nothing for the moisture 


situation, it is now clear that it keeps undesirable (i.e., deep-rooted) plants at bay. 


Therefore, Poa bulbosa clumps should be encouraged on all wall stubs with soft 
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caps. Since there will always be some cracks and bare ground, a variety of short 


annuals with shallow roots can be encouraged to colonize those spaces. 


 


Excavated flat area. in many places, the Poa is already doing a good job keeping 


larger plants out. Some plants, notably the Peganum harmala (wild rue), have deep 


roots (encountered during excavation as deep as about 3 m). Others, especially the 


thistle (Carduus nutans) and the chenopodiaceous Atriplex cf. lasiantha are big seed 


producers which are undesirable. Removal or discouragement of these three types 


could be emphasized with appropriate timing of cutting and removal of plants. Early 


June cutting could be followed up with cutting when the plants (Peganum and 


Atriplex especially) are flowering or going to seed. That would prevent new plants 


from establishing themselves. 


 


Slump at edge of excavated area. We have just begun discussion about this zone. 


Because none of the soil has in situ archaeological remains, more active intervention 


could improve the aesthetics of the site. On the slump, the tall perennial grasses 


could be planted (in small clumps), and even watered, until they could be 


established. These plants are not invasive (unlike the annuals like Descurainia 


sophia, Atriplex lasiantha, Asperugo procumbens, Bromus tectorum). Therefore, in 


the unlikely event that they did spread to the wall stubs, it would be easy to control 


their growth. These plants could be massed, and help visually define the site and 


direct the visitors’ gaze. Melica ciliata and Festuca ovina  grow well on north-facing 


slopes, and feathergrass Stipa arabica grows on south-facing slopes. Two other 


perennial feathergrass (Stipa) species,S. holosericea and S. loessingiana, grow in the 


region, as does perennial brome grass (two species), Bromus cappadocicus and B. 


tomentellus. 


 


Top of the Citadel Mound (including backdirt from old excavations). Today, the 


primary plants are ones avoided by the animals (notably the perennial wild rue 


(Peganum harmala) and the annual wild barley (Hordeum murinum). If we want the 


visitor circuit to include the trenches from the battle of the Sakarya, it might be nice 


to restrict grazing, and see if there is a way to use plants to demarcate those 


trenches. Just a thought for the future. Reducing the Peganum would conveniently 


also reduce the spread of new Peganums to the area below. 


 


Appropriate Technology and Maintenance 


If we think of the site as a specialized garden, the expertise of gardeners and 


botanists becomes relevant. Villagers can be trained to take care of  the grounds 


(providing income). Perennial plants take a long time to be established, so 


geotextiles that need to be replaced could be problematic. First, will the University 


of Pennsylvania be obligated in perpetuity to provide this maintenance after the 


current phase ends? If so, is there that commitment? If not, will the Turkish 


government be willing to take it on? Second, if the plantings are successful, and 


every 15 years you have to rip them up, you will never reach the goal of low 


maintenance. Most archaeological site are usually disturbed in the top 50 cm or so, 
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anyway, so it is really only the deeper rooted plants that are problematic, I think. 


(Geotextiles that can deteriorate in place that serve to stabilize a slope are fine.) 


 


In the next year or so, Kelly suggested they might write a site management manual 


that relates to plant management. I can check, correct, or add relevant botanical 


information. 


 


Collecting Seeds and Plants vs. Producing Them 


Up to now, we have just been intervening in fairly small areas. Selective weeding is 


one way to change the vegetation: remove or cut the undesirables, especially when 


they are flowering or just before they go to seed, and protect the plants we want. If 


we are going to actively encourage some plants by sowing seeds or transplanting, 


the source of the material is important. 


 


Seeds: Harvesting seeds of common plants from the wild will not seriously hurt the 


local populations, because in the course of harvesting you lose a fair number. If you 


grow the plants, or harvest from protected areas (like MM or the Citadel Mound), no 


one can fault us for destroying the environment! 


 


Transplants: Digging up plants in the wild or in the site will open the area to 


colonizers of bare ground (i.e., plants that thrive in disturbed areas, which tend to be 


invasive annuals that we don’t want). Fortunately, the grasses can be broken up into 


a lot of small bunches, so a living plant can be half-dug up, and the other half can be 


used to create small plugs (say, 2- to 3-cm clumps). The most responsible way to 


harvest plants would be to use ones that are common in our protected areas. 


 


Action Plan Summary 


 


TB2 


•remove dead vegetation; cut back the Galium verum 


•put Taeniatherum seeds along slope (probably better to have a restricted area 


rather more densely seeded, than trying to spread it over the entire length (unless 


you want to go on a collecting trip in the next day or two with your crew). 


• mine Poa clumps from plain and spread Poa seed on wall stub 


 


Other TBs 


• put the Eremopyrum in one spot, to see what it does (given the amount of seed, 


maybe along a meter or so. 


• if indicated, mine Poa from the plain to transplant 


 


Gate Building 


• add Poa seeds or clumps to the current experiment 
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• rip up more cement and extend the plant cover, if that’s what you decide to do. 


 


Manual (for this coming year?) 


• Begin to develop a manual for plant management in the main excavation area; 


when to cut, which plants are highest priority for removal, which are highest 


priority for protection. Include photographs of most common types at various stages 


of growth. 


• Begin to think about training a local labor force to do this work even if we are not 


here. 
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Table 1.  


 
TB 2 survey, 6/8/2008 Top Top Top Top NW 


Slope 
below 


NW 
Slope 
below 


NW 
Slope 
below 


NW 
Slope 
below 


SE 
Slope 
below 


SE 
Slope 
below 


SE 
Slope 
below 


SE 
Slope 
below 


Center 
of TB 2 


Flat 
below 


corrected seed/mudball order Poa 
clumps 


"seed-
ed" 


Poa 
mudballs 


rocks Poa 
clumps 


"seed-
ed" 


Poa 
mudballs 


rocks Poa 
clumps 


"seed-
ed" 


Poa 
mudballs 


rocks 


 


Poa 
clumps 


cover: †=get rid of it if possible; 
* really ok 


50% ? 10% ? 80% 10% 100% 100% 100% 100% 


    90% 


100% 


Anthemis** d d d tall d     d   d   


Carduus nutans†            fl/fr fl/fr/s  


Chondrilla juncea†             v  


Crepis             fl  
Lactuca serriola†    v      v     


Lappula patula        fr       


Nonea caspica    b         b  
Rochelia disperma       s/d        


Alyssum nm 1648*  s/d s/d s/d s/d s/d s/d s/d   s/d  s/d  


Descurainia sophia†  s fr/s tall*  fr tall    d*  d s/d fr/s  


Lepidium perfoliatum          s/d     


Sisymbrium altissimum†     fl/fr fl/fr fl/fr fl/fr     fl/fr  


small…Saponaria?          s/d     
Atriplex cf. lasiantha nm 
1237† 


   v   
 


fl fl 
fl 


v v fl  


Salsola ruthenica†    v      v v v   


Scabiosa rotata  fl             


Astragalus 2347             fr/s  
Trigonella 1257*             fr/s  
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Trigonella coerulescens             fr*  
Erodium cicutarium        fl     fl/fr  


Bromus tectorum s  fr/s fr/s fr/s 
tall* 


fr/s 
tall* 


fr/s tall* fr/s 
tall* 


fr/s fr/s fr/s 
 


*fr/s  


Eremopyrum bonaepartis*   fr/s fr/s    fr       
Eremopyrum cf. triticeum*         fr/s  s/d s/d   


Hordeum murinum  fr/s fr fr/s*  fr/s  fr/s fr/s* fr/s fr/s d fr/s  


Poa bulbosum** s, dor-
mant* 


s*     


 


  


   


  


Stipa arabica             fr  


Taeniatherum caput-medusae, 
planted* 


     fr 


fr 


  


   


  


Androsace maxima**  s/d s/d            


Galium verum†     fl  fl        


 


 


 








APPENDIX N:  Laser Scanning Field Data







SCAN 


NUMBER


INST 


LOCATION


BACKSIGHT 


LOCATION


INST 


HEIGHT


BACKSIGHT 


HEIGHT H V @


NUMBER OF 


POINTS


NUMBER OF 


IMAGES TIME  (min)


SCAN 1 BM4 BM100 5.187 6.000 0.30 0.30 70


SCAN 2 BM4 BM100 5.187 6.000 0.20 0.20 70


SCAN 3 BM5 BM4 5.093 8.000 0.20 0.20 200 11454 2 37MIN


SCAN 4 BM5 BM4 5.093 8.000 0.20 0.20 200 1


SCAN 5 BM5 BM4 5.093 8.000 0.20 0.20 200 24570 4 1H 18MIN


SCAN 6 BM5 BM4 5.093 8.000 0.20 0.20 80 2 14MIN


SCAN 7 BM9 BM5 5.697 6.000 0.25 0.25 80 33926 16 1HR 48MIN


SCAN 8 BM9 BM5 5.697 6.000 0.25 0.25 80 448 11 1MIN 26SEC


SCAN 9 BM9 BM5 5.697 6.000 0.30 0.30 60 39185 69 2HR 5MIN


SCAN 10 BM9 BM5 5.697 6.000 0.25 0.25 30 4502 28 14MIN 25SEC


SCAN 11 BM3 BM9 4.895 8.000 0.25 0.25 80 22758 16 1HR 18MIN


SCAN 12 BM3 BM9 4.895 8.000 0.25 0.25 20 5680 40 18MIN 13SEC


SCAN 13 BM12 BM100A 4.822 8.000 0.30 0.30 50 49 1HR 45MIN


SCAN 14 BM12 BM100A 4.822 8.000 0.30 0.30 70 20007 20 1HR 4MIN


SCAN 15 B1 BM100A 5.218 6.000 0.30 0.30 70 21447 16 1HR 8MIN


SCAN 16 BM11 BM100A 4.947 6.000 0.25 0.25 300 28435 2 1HR 31MIN


SCAN 17 BM11 BM100A 4.947 6.000 0.25 0.25 300 10759 1 34MIN


SCAN 18 BM11 BM100A 4.947 6.000 0.25 0.25 80 29250 23 1HR 33MIN


SCAN 19 BM11 BM100A 4.947 6.000 0.25 0.25 70 5372 4 17MIN


SCAN 20 BM11 BM100A 4.947 6.000 0.25 0.25 90 15773 8 50MIN


SCAN 21 BM11 BM100A 4.947 6.000 0.30 0.30 125 13304 0 42MIN SCARP 1


SCAN 22 BM5 BM100A 5.104 6.000 0.30 0.30 150 16737 0 53MIN SCARP 2


SCAN 23 BM5 BM100A 5.104 6.000 0.30 0.30 150 2000 8MIN SCARP 3


SCAN 24 BM5 BM100A 5.104 6.000 0.30 0.30 100 15101 48MIN


SCAN 25 BM5 BM100A 5.104 6.000 0.30 0.30 100 23739 15 1HR 16MIN


SCAN 26 BM5 BM100A 5.104 6.000 0.30 0.30 150 0 28MIN SCARP 4


SCAN 27 BM5 BM100A 5.104 6.000 0.30 0.30 70 6982 0 22MIN SCARP 5


SCAN 28 BM16 BM5 4.583 7.000 0.25 0.25 90 12719 8 40MIN


SCAN 29 BM16 BM5 4.750 7.000 0.25 0.25 90 20880 14 1HR 6MIN


SCAN 30 BM16 BM5 4.750 7.000 0.25 0.25 90 48MIN


SCAN 31 BM16 BM5 4.750 7.000 0.25 0.25 60 19377 24 1HR 2MIN


SCAN 32 BM15 BM100A 5.197 7.000 0.25 0.25 175 22061 41 1HR 10MIN


SCAN 33 BM15 BM100A 5.197 7.000 0.25 0.25 300 7348 1 23MIN


SCAN 34 BM15 BM100A 5.197 7.000 0.50 0.50 135 38361 0 2HR 2MIN FIELD


SCAN 35 BM17 BM101A 5.093 7.000 0.30 0.30 150 10447 0 33MIN SCARP 6


SCAN 36 BM17 BM100A 5.093 7.000 0.30 0.30 100 40571 0 2HR 10MIN SCARP 7


SCAN 37 BM17 BM100A 5.093 7.000 0.30 0.30 100 27580 1HR 28MIN SCARP 8


SCAN 38 BM17 BM100A 5.093 7.000 0.30 0.30 200 9940 31MIN SCARP 9


SCAN 39 BM17 BM100A 5.093 7.000 0.30 0.30 250 2805 9MIN SCARP 10


SCAN 40 BM17 BM100A 5.093 7.000 0.50 0.50 120 40843 2HR 10MIN FIELD 2


SCAN 41 BM9 BM100A 4.958 7.000 0.30 0.30 60 29462 1HR 29MIN SCOPE


SCAN 42 BM20 BM100A 4.770 7.000 0.25 0.25 70 11982 38MIN SCARP 11


SCAN 43 BM20 BM100A 4.770 7.000 0.30 0.30 40 14205 45MIN


SCAN 44 BM20 BM100A 4.770 7.000 0.50 0.50 100 32506 1HR 44MIN FIEDL 3


SCAN 45 BM22 BM20 4.947 7.000 0.30 0.30 90 14152 45MIN SCARP 12


SCAN 46 BM24 BM100A 5.291 6.000 0.30 0.30 55 27526 1HR 28MIN


SCAN 47 BM19 BM100A 5.187 6.000 0.50 0.50 80 43761 2HR 20MIN FIELD


SCAN 48 BM26 BM100A 5.427 8.000 0.25 0.25 45 11419 18 36 MIN


SCAN 49 BM26 BM100A 5.427 8.000 0.50 0.50 45 8391 27MIN SCARP 13


SCAN 50 BM7A BM100A 5.085 8.000 0.25 0.25 60 17669 21 56MIN


SCAN 51 BM7A BM100A 5.085 8.000 0.25 0.25 45 15829 14 50MIN


SCAN 52 BM7A BM100A 5.085 8.000 0.50 0.50 45 11725 0 37MIN


SCAN 53 BM28 BM100A 4.760 6.708 0.30 0.30 75 14345 46MIN SCARP 14


SCAN 54 BM28 BM100A 4.760 6.708 0.30 0.30 200 5398 17MIN SCARP


SCAN 55 BM28 BM100A 4.760 6.708 0.30 0.30 200 3170 10MIN NORTH COURT GRADE


SCAN 56 BM31 BM28 4.854 0.395 0.30 0.30 100 24997 1HR 20MIN SCARP 16


SCAN 57 BM31 BM28 4.854 0.395 0.30 0.30 100 4838 15MIN


SCAN 58 BM12 BM100A 4.968 8.000 0.25 0.25 60 48448 43 2HR 35MIN


SCAN 59 BM32 BM12 5.052 8.000 0.25 0.25 40 22784 1HR 13MIN


SCAN 60 BM32 BM12 5.052 8.000 0.25 0.25 40 7765 25MIN







SCAN 61 BM32 BM12 5.052 8.000 0.25 0.25 40 8817 28MIN


SCAN 62 BM100A BM9 5.031 0.395 0.25 0.25 40 2235 7MIN


SCAN 63 BM100A BM9 5.031 0.395 0.25 0.25 70 11746 37MIN


SCAN 64 BM100A BM9 5.031 0.395 0.25 0.25 45 9653 31MIN








APPENDIX P:  Contact Information







Gordion Contact Information for Materials and Resources 


Much of the 2009 Season at Gordion was also spent procuring tools and materials.  As the 


operations of the conservation team expanded greatly for this season, new materials were needed.  Also, 


tools were purchased that would continue to serve the conservation team in the future.  The following is 


a compilation of the contacts and businesses that were useful in procuring the necessary materials and 


equipment.  As establishing these contacts took a good amount of time, it is hoped that the contacts 


could be utilized in the future to increase efficiency. 


Visitor Circuit Prototype 


Angora Çadır 
 


0 312 311 3133 


Adnan Saygun Caddesi 


No 33 (Denizciler) 


Ulus, Ankara 


They custom make tents and awnings. 
 


Brandacı Ergin 


0 312 623 4361 
Yeni Sanayi Sitesi Imalatçılar Çarşısı No: 2 Polatlı 
We bought the tent material for the prototype from here.  He will also make 


awnings, etc. 


Coşkun Ticaret 
 


0 312 624 5011 


Keresteciler Sitesi 


Barbaros Caddesi No 6 


Polatlı 
Large wood supplier where we bought the wood for the viewing platforms.  


Their son-in-law Ahmet Bayram speaks English.  They are able to cut wood 


in any size we could want. 


Doğan Tel Örgü 
Temelli Şubesi 


 


0 312 645 19 50/ 0 536 486 47 61 


Eskişehir Yolu, Cumhuriyet Mahallesi 


İnönü Caddesi, No:1/1, Temelli, Ankara 
On the way to Ankara. They have fence materials, they can also install.  They 


also have gabions and can install those as well.  


Efe Paslanmaz Çelik 
Boru 


0 312 354 2225 


100. Yıl Bulvarı, No: 6 Ostim Ankara 


www.efecelikboru.com.tr 


Stainless steel pipes and other materials. No rods.  


Güçlü Civata 
0 312 385 5251 


Ostim, Ankara 


They have stainless steel rods. 


Güler Ticaret 
Sucu Niyazi 


0 312 623 1383 


Necatibey Caddesi No 43 







 
 


Polatlı 
They are near Vakıf Bank and they have a variety of small pipes. 


Güngör İnşaat Tesisat 
Malzemeleri Sanayi ve 


Ticaret AŞ 
 


0 312 311 79 84 


0 312 311 19 04 


Rüzgarlı Sokak 


Eser İşhanı No: 14-10 


Ulus, Ankara 


They have galvanized Ts and elbows.  They have galvanized pipes and can 


thread them for us.  They will ship.  


İkmal Endüstriye Yapı 
Market 


0 312 354 3005 
100. Yıl Bulvarı 56. Sokak No 57 Ostim Ankara 


Large construction materials market.  Stainless steel rods and other tools.  


Kesgin Ticaret 
 


0 312 623 4403  


Yeni Sanayi Sitesi 


Ömer Seyfettin Caddesi No 17 


Polatlı 
Junk metal place with galvanized pipes for the poles of the viewing 


platforms. 


Özgüç Hırdavat 
0 312 385 3737 or 385 1897 


Alınteri Blv 9. Sok, No 15 Ostim Ankara 


Small turn buckles. 


Praktiker 
 


On the way to Ankara, turn at the Bilkent junction, follow the sign towards 


Bilkent. 


Large hardware store with a variety of tools.  Home Depot style. 


Rüzgarlı Sokak, Ulus, 
Ankara 


Place to buy construction materials, etc in Ankara. 


Saracoglu 
0 312 622 52 40 


Cumhuriyet Mah. Pazar Sok. 19/C Polatli, Ankara 
Where one can buy a variety of things, including tools, plastic, ropes, etc. 


Sika Construction 


0 312 482 0606 
0 533 306 2756 


Alpay Bozbıyık 


Çetin Emeç Bulvarı No: 41-10 Aşağı Öveçler, Ankara 


They came to visit the site.  Not well liked by members of the team. 


Tacirler 
 


0 312 623 27 18 


Yeni Sanayi Sitesi 


14. Blok No 27 


Polatlı 
A store with all sorts of tools, bolts, screws, etc.   


Teksin Doğrama ve 
Mobilya 


 


0 312 623 2972 


In the industrial area of Polatli.  He had agreed to let us use his shop and his 


time for a set amount of money per day.  He is the one who made the 


screen doors for the new bathroom of the Gordion Dig House. 


Uzuner Oto Döşeme 


0  312 623 2732 


Yeni Sanayi Sitesi, 6. Blok No:3 
Polatlı 
This place also has tent materials and will make awnings.  







Additional Services, Etc. 


Hüseyin Erdoğan 
 


Director of Meteorology in Polatlı 
0312 625 5256 


Murat Akin 
533 638 2792 


Engineer that may help with the gabions.   


muratakin@foretek.com.tr 


 


Office and Computer Supplies 


Elif Kitap Kırtasiye 
 
 


0 312 623 3686 


Hasan Koç 


Cumhuriyet Mahallesi, Eti Caddesi  


No 14 D (Across from Vakıf Bank) 
Polatlı, Ankara 
This store has a variety of office supplies.  They have ordered white 


plastilina and caution tape for us. 


 


Mavi Bilgisayar 
 


0 312 284 1819 


Kızılırmak Mah, Ufuk Üniversitesi Cad 


Ambrossia İş Merkezi 


Çukurambar, Ankara 


Right behind the Ulusoy Bus Terminal on Eskişehir Ankara Road. 


Large computer store with anything you could want. 


www.mavibilgisayar.com 


Şirin Çeyiz 
0 312 623 6665 


Cumhuriyet Mah, Bozkurt Cad, No 44-B Polatlı 
We were going to buy cushions from here. 


 


Conservation Supplies 


Ahmet Balmumcu ve 
Ortağı 


 


0 312 310 6472 


Sanayi Caddesi, Nüzhet Atav İşhanı No 28-37 


Ulus, Ankara 


They have acetone and calcium carbonate. In the same building, variety of 


medical supplies such as syringes, cotton, etc are sold.  


Bin Yapi 


0 312 286 9395 


Binnur Akay Onat 


Sika Products 


Water Proofing, Cement additives, water treatment. 


Canyurt Hırdavat Merkez: Alınteri Bulvarı No:116 Ostim, Ankara  Tel: 0 312 386 2959 – 0 312 







İnşaat 
 
 


386 29 60 


Şube: Rüzgarlı Caddesi, Katar Han, No: 20/34-35, Ulus, Ankara Tel: 0 312 312 


40 14  


Where we bought the compressor, generator, driller, etc.  


Doğuş Sanayi 
0 312 257 4343 


0 533 920 0885 (Ekinç Bey) 


They have supplied Tyvek for us.  We first contacted Kemal Bey at Dupont.   


 
DuPont Turkey 


Building Innovations 
 
 


Kemal Ozisikcilar  


Sales & Marketing Manager 


Buyukdere Cad. No:122 Ozsezen Is Merkezi 
A Blok Kat:1-3, 34394,  


Esentepe Istanbul / Turkey 


t:+90 212 340 04 90 


f:+90 212 340 04 30 


m:+90 533 385 50 43 


kemal.ozisikcilar@tur.dupont.com 


www.tyvek.com.tr 


www.corian.com.tr 


Tyvek, Typar 


HA&NE 
 


0 555 995 76 31 


Conservation supplies.  They will order and ship conservation supplies.  


They do not have a store or samples at this point.  


İmel Ticaret 
 


0312 472 70 20 
Çetin Emeç Bulvarı, 6. Cadde 68-C 


Öveçler, Ankara 


They are a SİKA supplier.  They have epoxy and other sika products.   


Onduline 


Değirmen Sokak Nida Kule No:12 Kat:8 34742 


Kozyatağı/Kadıköy 


İstanbul / Turkey  


Tel: +90 216 384 16 00 (pbx)  


Fax: +90 216 384 16 10  


e-mail avrasya@onduline.com.tr  


HDPE sheet  


Onset Computer 


470 MacArthur Blvd 


Bourne, MA 02532  


Tel: 1-800-564-4377 
508-759-9500 (Southern MA, USA)  


Fax: 508-759-9100  


Environmental Monitors  


Sika Industries 
 


90 216 581 0600 


Tuzla Deri Org. San Bölgesi 


2 Yol J-7 Pansel, Tuzla, İstanbul 


Sika.com.tr 


yamac.suzan@tr.sika.com 


They have epoxy and membrane materials. 


 







Hotels, Transportation, etc. 


Angora House 
 


0 312 309 8380 


Kalekapısı Sok. No 16-18 


Kaleiçi, Ankara 


Good place to stay in Ankara. 


Gordion Kazi Evi 
0312 638 2219 


0 312 638 2240 fax 


Gordion Excavation House 


Gül Taksi 
 
 


0 312 623 1392 


Gar İstasyonu Yanı  
Polatlı, Ankara 


They give us a deal for transportation to Yassıhöyük.  In 2009, this was 25 


liras. 


 


Zekeriya Utgu 
0 532 223 8300 


Caretaker at the Gordion Kazi Evi 


 








APPENDIX H:  Terrace Building Plant Guide







1


Androsace maxima 


Short plant with short roots. 


Not problematic.


Not problematic.


Should be encouraged.


Alyssum


Anthemis sp.


Short plant. 


Not problematic.







2


Asperugo procumbens


Annual plant. Grows 


quickly and gets very big 


and dense. 


Should be eliminated.







3


Atriplex sp.


Has a deep root.


Should be eliminated before 


it goes to seed.







4


Bromus tectorum


An annual grass that is typically 


less than 50cm tall, but can grow 


to a meter in moist conditions.







5


Carduus nutans 


(Thistle)


Biennial: fi rst year it is just 


a basal rosette; blooms 


and goes to seed in sec-


ond year.


Has a deep taproot.


Should be eliminated.







6


Chondrilla juncea


Deep roots.


Should be eliminated.



a

Text Box

Courtesy of Mac Marston







7


Descurania sophia


Grows tall, but does not have a very long root.


Fine to leave unless it becomes a visual problem.







8


An annual grass suitable 


for wall stubs. 


Should be encouraged.


Eremopyrum 


triticeum







9


Shrub type; large, perennial 


plant.


Should be eliminated by uproot-


ing when possible.


Galium verum


Hordeum murinum


A type of annual grass. Colonizes 


new ground. 


Not problematic.







10


Lepidium perfoliatum


Short plant with shallow root. 


Not problematic.


Lactuca seriola


Has a deep taproot.


Should be eliminated.







11


Peganum harmala


Has deep roots that can 


reach 20 feet.


Should be eliminated.







12


Poa bulbosa


Should be encouraged on 


soft caps.


Courtesy of Naomi Miller







13


Salsola ruthenica


Has thick, deep and spread-


ing root.


Should be eliminated.







14


Sisymbrium cf. 


altissimum


Has deep, spreading 


root. Gets very large.


Should be discour-


aged.







15


Taeniatherum 


caput-medusae


(Medusahead grass)


Not problematic as long 


as it doesn’t get too tall.


Stipa arabica


Useful for slopes and 


fl at areas. Not suitable 


for tops of caps due to 


height.












APPENDIX B:  Soft Vegetative Capping of the 
Gate Roof


Prepared by Alex Lim and Kelly Wong
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GORDION SITE CONSERVATION PROGRAM


Univer s i t y  o f  Pennsy lvan ia  Arch i tectu ra l  Conservat ion  Laborato ry


December  2009


1.0  Introduction


Kelly Wong (KW) and Alex Lim (ABL) of the ACL were tasked to assess the alternative 
wall capping system installed in summer 2008 at the South Court of the Citadel Gate 
complex, known as Pilot Area #1, and to modify the design for installation on the North 
Court, known as Pilot Area #2 (Figure 1).  Designed by KW and installation assisted by 
Sarah Stokely (SS) and local workmen, Pilot Area #1’s alternative soft capping system 
was used to determine if a waterproof capping system with use of a growing medium, 
better known in the building industry as a “green roof,” would be an acceptable alter-
native to the traditional hard caps used in the conservation of archaeological sites.  


Following disassembly and assessment, minor revisions were made to the system prior to 
installation at the North Court, where additional testing and analysis will be completed 
during the 2009-2010 season.  


By applying soft vegetative capping to the Citadel Gate roof, the project aimed to 
reduce the amount of water entering the wall, to reduce the risks of stone deterioration, 
and to improve the overall appearance of the site.


Figure 1  The Citadel Gate with 
Pilot Area #1 on the South Court 
at right and Pilot Area #2  on the 
North Court at left.
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2.0  Schedule


The following schedule of activities was undertaken during the visit:  


7/1/09  ABL arrives on site.


7/2/09-7/4/09 Organization of Excavation House space and site introduction.


7/5/09  KW departs Ankara for Gordion.


7/6/09 Walk thru at Citadel Mound with Naomi Miller (NM) to review results of 
Gate and TB2 capping. Discussion of successful plantings used for the 
Citadel Gate soft capping Pilot Area #1 (South Court building).  Instruc-
tion by NM in collection of seeds needed for planting at the Citadel 
Mound.  Visit Tumulus MM with Sarah Stokely (SS), Leslie Friedman (LAF), 
Meredith Keller (MK) and Robyn Haynie (RH) to discuss with Richard 
Liebhart and Jesse Johnson (JJ) wood conservation efforts and newly 
discovered inscriptions.  Walk around Tumulus MM with NM to review plant 
species available for seed collection.  Meeting at the Citadel Mound with 
JJ, Angie Elliott and RH to discuss use of data loggers to monitor soft cap-
ping systems installed at the Gate and TB2.  Penn Architectural Conserva-
tion Team meeting to discuss projects determined by FGM and individual 
responsibilities for summer 2009.  Walk around South Ridge with NM, Ayşe 
Gürsan-Salzmann (AS), SS and LAF to better understand ecological land-
scape at Gordion.


7/7/09 KW and ABL prepare work plan for Citadel Gate projects.  KW walked 
along railroad tracks with NM and SS to collect Medusahead grass seeds.  
KW collected local climate data from meteorological station in Polatlı 
with Elvan Cobb (EC) and SS.
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7/8/09 Photo document Gate for comparison images.  Review and record Gate 
drainage pattern.  Make mudballs with NM for planting at Gate Pilot Area 
#2, TB and within Excavation House garden. 


7/9/09 Purchase materials for site projects in Ankara.  Visited Pratiker (Turkish 
“Home Depot” hardware store), offi ce and computer stores.  Fonda-
line Bitumenous layer was purchased as a backup material.  Visit to the 
HA&NE Arkeoloji, Konservasyon ve Restorasyon Malzemeleri (archaeologi-
cal conservation store) in Ankara.  Discovery that store is only an offi ce, 
which purchased materials upon ordering and does not carry product 
samples for review prior to ordering.  Following visit, companies carrying 
the items were contacted directly while other options were explored


7/10/09 Remove concrete cap at Gate Pilot Area #2 at North Wall of North Court 
structure.  Pilot Area #2 includes three stepped sections of the North Wall, 
each section of a different dimension.  Section #1 located at top, Sec-
tion #2 at middle and Section #3 at bottom.  Disassembly and analysis 
of Gate Pilot Area #1 installed at the South Court wall in summer 2008, 
including removal of three data loggers.  Penn Architectural Conserva-
tion Team meeting to discuss cost and ordering of Typar® for the use as 
the fi lter fabric for Gate Pilot Area #2 installation.  Soils throughout the 
site (used for the growing medium) were sieved to estimate particle size 
distribution in order to determine appropriate Typar product to purchase.  
FGM, Lindsay Falck (LF), EC, et al. visit Citadel Mound for a Visitor Circuit 
tour and discussion.  


7/11/09 Prepare Gate Pilot Area #2 at North Court.  Remove concrete cap and 
rubble masonry from core of all three sections of North Wall.  Relocate top 
reconstructed masonry course from North Wall of Section #3 and moved 
to the west wall of same section in order to make cavity desired for soft 
cap system and buttress dangerously unstable west wall face.


7/12/09 Discussion of Gate Capping Pilot Program with LF.  Recommendation by 
LF to use neoprene for the waterproofi ng membrane instead of bitumen, 
suggesting that neoprene is more fl exible, durable and more appropriate 
for use with irregular forms such as the adjacent masonry wall.  However, 
this idea not pursued due to diffi culty in obtaining the materials.  Review 
of ideas for fl ashing edges of waterproofi ng membrane included use of 
a lead or copper cap and installation of sealant at the bottom lip of the 
outer cap drip.  After review of drainage patterns at Gate Pilot Area #2, 
LF determines French drain unnecessary for installation adjacent to north 
elevation of the wall.  Establish slope for Section #2 at Pilot Area #2 using 
existing rubble core masonry.  Install Typar® 20 over leveled rubble core 
layer.  Fill single layer of small, red aggregate over Typar® 20;  Red aggre-
gate purchased by Mark Goodman; material chosen based on recom-
mendation from FGM, because it is easily distinguishable from original 
rubble.
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7/13/09 Prepare Sections #1 and #2 of Pilot Area #2 using existing rubble core 
fi ll to establish slopes for proper cap drainage.  Top soil removed from 
nearby soil heap used to establish slope for Section #3.  Red aggregate 
used to fi ll large voids found at masonry wall core after removal of exist-
ing rubble masonry.  Voids roughly 15-20cm in depth with a long, narrow 
opening measuring approximately 10-15cm.  Fill one small void in bottom 
section with red aggregate , although use was discontinued due to inap-
propriate size; necks covered with rubble masonry fi ll.  Install Typar® and 
single layer of red aggregate at all three sections.  KW establishes weep 
locations for each section of Gate Pilot Area #2.


7/14/09 KW directs workers to patch repair opening at Pilot Area #1 (South Court) 
using mortar to protect exposed masonry core from water penetration.  
Patching mortar installed over single layer of Typar and metal lath (chick-
en wire) to provide separation between mortar and existing rubble core 
masonry.  Mortar formulation of fi rst layer: 7 large shovels of dirt (sieved 
from dirt used as growing medium for Pilot Area #1) + 4 small shovels of 
lime (Lafarge Chaux Blanche).  Cracks appear on fi rst layer of patch re-
pair at top and bottom edges.  Suggestion by worker to add straw (same 
material used for making mudbricks) to mortar in order to form stronger 
matrix between fi ne dirt and lime mixture.  EB confi rms addition of straw is 
fi ne for this application.  Second layer using different mortar formulation: 
6 large shovels of dirt + 4 small shovels of lime + 3 small shovels of straw.  
Cracks develop after drying of the cap.


KW meets with FGM to discuss progress of summer 2009 work including 
disassembly of Gate Pilot Area #1 at the South Court structure and sug-
gestions for cap installation at Gate Pilot Area #2.  Discuss modifi cation of 
bitumen as waterproofi ng layer, which was found to be incompatible and 
irreversible when heated in Central Anatolian climate.  


7/15/09 KW departs Gordion for Ankara.


7/15/09-7/28/09


  ABL fi nalizes cap installation at Pilot Area #2 and installs monitors.
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3.1  Concrete Capping
The Citadel Gate roof has been capped with concrete, since its excavation in 1956.  
The initial capping system failed and reinstallation of a new concrete cap was complet-
ed in 1988 (Figure 2).  Various patching campaigns have been implemented since then 
to repair spalled and cracked concrete.  Numerous areas of the caps exhibit deteriora-
tion—in particular the South Court and the North Wall of the North Court.  Open joints, 
surface disintegration, cracks and large scale detachment characterize the condition 
of the current concrete cap.  These conditions make the cap ineffective in preventing 
water ingress and ultimately destabilize the walls.  


3.0  Past Wall Capping Interventions


Figure 2  The concrete cap installed 
on the South Court roof in 1988.
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3.2  Clay Capping
Several walls of the Terrace Building and the Citadel Gate’s outer South Court ledge 
were capped with clay from previous conservation campaigns implemented by Mark 
Goodman (Figure 3).  The clay capping system placed over the Terrace Building wall 
typically consists of three layers.  The underlying layer is a white geotextile (source un-
known), which secures the capping system to the masonry.  A transparent plastic sheet 
is installed over the geotextile and performs as a waterproofi ng layer to prevent excess 
water from entering the wall.  Expansive local clay soil serves as a water absorption layer 
on the top and protects the plastic from the sunlight.  


The condition of the clay capped walls was found to be mostly sound.  The clay layer 
has formed a crust due to the hot, dry environment but has generally maintained the 
integrity of the capping system, although the edges show signs of deterioration.  At the 
same time, however, clay washes on the walls were evident in several areas.   


The plastic sheets placed between the clay and the wall show disintegration, especially 
at the edges where they are exposed to sunlight.  Over time clay can travel through the 
disintegrating sheet.


Figure 3  Clay cap on the South 
Court ledge of the Citadel Gate.
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The white geotextile was dry and wrinkled and exhibited a hardening.  Clay particles 
have likely entered the geotextile, fi lled pores, and hardened upon drying.  In addition, 
the hardened white geotextile has adhered well to the stone masonry on which it was 
applied.


Finally, the accumulation of water below the plastic sheet was observed.  Moisture 
enters the wall system not just from the top of the wall but from the sides and base of 
the wall.  When heat is applied, the moisture evaporates and moves to the surface; the 
plastic sheet effectively prevents moisture from exiting.  As it cools, water vapor con-
denses and accumulates underneath the plastic layer.  As the given design cannot 
allow this accumulating water to dry out, it continually remains wet.  This is particularly 
important, since it indicates that the moisture circulation throughout the wall—both 
in the vapor and liquid state—results in differential wetting of the wall, with one area 
particularly wet while the other areas remain dry.  Given the presence of salt in the TB 
Complex and the Gate, the water movement should be more closely monitored and 
controlled in order to avoid possible damage by salt crystallization and hydration and 
freeze thaw cycling.


3.3  Soft Capping at the TB Complex
Soft vegetative capping systems were installed on selected areas of the TB walls in 2006 
(Stokely 2007).  The TB Complex’s soft cap system relied primarily on a vegetation layer 
and an underlying geotextile layer to prevent plant roots from penetrating into the 
rubble wall core and also to separate the intervention from the original masonry.  It did 
not include a liquid water impermeable layer.  Although the successful growth of the 
plants is encouraging, it strongly indicates that water is present in the deeper layer of soil 
near the wall masonry.  Plant roots also penetrated the geotextile layer, mechanically 
puncturing the buried masonry.  
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4.1  Introduction
A new Citadel Gate capping system was designed and installed in the summer of 
2008 in order to address water infi ltration issues caused by the failed concrete capping 
installed in previous years.  A Gate Cap Pilot Program was established to also explore 
alternatives to traditional capping systems used for archaeological sites in earlier years, 
such as hard capping and lead capping.  In the summer of 2008, KW designed and in-
stalled a new soft cap system at Pilot Area #1 that is similar to a “green roof” used in the 
building industry—a multi-layered roofi ng system consisting of waterproofi ng, drainage, 
growing media and low-profi le plants.  Today, green roofs are commonly used to better 
insulate buildings and prevent heat island effects in urban environments.  Thus, the new 
capping system installed at Pilot Area #1 provided a simple and sustainable system that 
kept out water, while at the same time creating a more visually compatible system that 
blended in the landscape at Gordion.  


Pilot Area #1, located at the South Court structure of the Citadel Gate, measures 7 feet 
by 9 feet in area (Figures 4-6).  The extensive green capping system installed consisted 
of bituminous waterproofi ng membrane, protection mat, gravel drainage layer, two dif-
ferent moisture retention mats, a fi lter layer, soil and substrate, and three different types 
of indigenous seeds and grasses.  In the summer of 2009, Gate Pilot Area #1 was disas-
sembled in order to evaluate its performance and three data loggers placed within the 
pilot area were removed for analysis.  


4.0  Gate Cap Pilot Treatment Program —
Pilot Area #1
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Figure 4  Pilot Area #1 of the Gate 
Capping Pilot Program installed on 
the South Court.  View facing west.  
Note erosion of mud plaster and 
opening at temporary mudbrick wall 
adjacent to central drain pipe.


Figure 5  View facing east showing 
the west elevation of the east (lower) 
mudbrick wall.  Note cracks through 
mudbrick wall, erosion of mud plaster 
and curvature of weeps.


Figure 6  Pilot Area #1 at the South 
Court showing Poa sods (right), an-
nual seed mix (center) and Medusa-
head grass mudballs (left).  Note 
density of Poa sod.
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4.1.1  Analysis of General Performance and Moisture Data from 
Data Loggers
The performance of Pilot Area #1 was assessed by analysis of moisture data collected 
from three HOBO® Micro Station data loggers and visual inspection.  These methods 
of assessment provided evidence that the soft capping system installed on the Citadel 
Gate’s South Court roof generated positive results with the need for only minor modifi ca-
tions.  


4.1.2  Environment 
It is important to assess the source of moisture and heat that adversely affect the condi-
tion of the site; therefore, an understanding of the cyclical weathering pattern is neces-
sary.  Located in the central Anatolian plateau of Turkey, Gordion experiences a hot, 
dry summer and cold, moist winter.  Most of the precipitation comes as snow in winter 
and rain in warmer spring (Figure 7).  During the summer months of July and August, the 
site remains very dry.  The temperature typically drops below 0°C in January and Feb-
ruary, but gradually returns to the high 20’s and reaches its peak in August (Figure 8).  
Following the August peak, the temperature continually decreases.  2009 presented an 
unusually large amount of precipitation during the months between January and May—
almost twice the amount from the previous year.  The temperature range remained 
within normal averages.  Given the extreme temperature range and high precipita-
tion in winter and spring, the building materials are at high risk of salt crystallization and 
hydration, wetting/drying, and freeze/thaw that—without proper treatment—lead to the 
accelerated decay of the archaeological site. 
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Figure 7  Graph depicting monthly cumulative precipitation and the three-year aver-
age for Polatlı, Turkey.
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Figure 8  Graph showing 2008-2009 monthly average temperatures and the three-year 
average for Polatlı, Turkey.


Figure 9  Soil moisture graph from the South Court showing results from the three data 
loggers.
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4.1.3  Environmental Monitor Analysis
Although moisture was observed in several areas, the soft capping system performed 
well in preventing water accumulation, as evidenced by the data obtained from the soil 
moisture probes.  While the monitors require calibration, they registered relative changes 
in soil moisture, and comparative data was extracted for this analysis.  


Since the probes were reused from previous use without proper calibration through the 
manufacturer, they began their data collection at different levels of soil moisture.  All 
graphs begin with a soil moisture level below zero (Figure 9).  Therefore, the data should 
be analyzed with caution.  While for each graph data points may be compared, a 
comparison should not be made between graphs, except for speculating the general 
trend of the moisture levels.    


4.1.4  Soil Moisture
The control (G3) was located under a large stone on the south elevation of the South 
Court.  It registered a negligible level of change in soil moisture.  The soil moisture re-
mained mostly fl at, indicating that the soil either remained consistently dry or consis-
tently wet.   While it is likely that the soil remained dry, the probe failed in mid-January 
and the data could not be collected in spring and early summer—when the moisture 
level is highest—for effective comparison to other probes.  The soil from which the probe 
was pulled appeared relatively wet upon visual inspection.  If moisture entered the soil 
in spring after the initial dry period, water must have infi ltrated G3’s location within the 
wall (an area initially thought to be dry).  This moisture penetration would indicate that 
the water likely enters the area horizontally or from capillarity, since the probe was well 
protected by masonry.  


G1, used under a layer of white geotextile in the northern half of the test area, also 
registered a relatively fl at level of soil moisture, although it did sense very minor changes 
in moisture.   The graph began at a level above the G3 soil moisture graph.  The graph 
shows a very gradual increase in soil moisture beginning in fall 2008 through spring 2009, 
registering very minor water content changes of approximately 0.025 m3 /m3.  Beginning 
in late January, the soil moisture level registered noticeable but short localized peaks.  


G2 was located under a corrugated cardboard in the southern half of the test area.  Un-
like G1 and G3, G2 recorded a dramatic change in soil moisture level spanning almost 
0.25 m3 /m3 in volumetric change.  After installation, the soil moisture level fell for about 
0.2 m3 /m3 and stabilized to a fl at level that it maintained through winter.  In spring, the 
soil moisture dramatically increased.   The fi rst big increase occurred in early March and 
lasted for about a week until it subsided.  Beginning in April, the graph changed drasti-
cally with an increase of almost 0.25 m3 /m3 in water content, reaching its peak in early 
May.  Between May and July, it continued to fl uctuate vigorously until the level dropped 
in mid-July to a near winter level.  
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The absence of a soil moisture increase in winter—despite it being the period of most 
precipitation—suggests a high likelihood that the precipitation accumulated as snow.  
Low temperatures, often below freezing point, kept the snow in its solid state and pre-
vented it from registering on the soil moisture sensor.  However, as temperatures gradual-
ly rose in the spring, the accumulated snow melted, signifi cantly increasing the amount 
of moisture coming to contact with soil moisture probe.  The increasing number of cycles 
of wetting and drying caused the G2 soil moisture probe to record dramatic changes in 
soil moisture.  


4.1.5  Temperature
The temperature probe for G3 followed the general weather trend typical for central 
Turkey (Figure 10).  However, the sensor again failed in the middle of the recording.  The 
probes from G1 and G2 recorded a very similar trend in temperature changes, although 
few observations could be made.  First, the maximum daily temperature registered by 
G1 was approximately 2-3°C higher than the one at G2.  Beginning in late September, 
however, this relationship reversed with G2 reaching a slightly higher daily maximum 
temperature than G1.  


When compared to the temperature recorded by the control in G3, the probes buried 
in the cap exhibited a lag of approximately 4-6 days. So far, the data indicates that the 
control (G3) experienced the least seasonal fl uctuation in temperature, while the white 
geotextile (G1) experienced the most seasonal and daily fl uctuation.  This data contrasts 
the initial projection that the soft cap would offer a heat buffering ability.  This fi nd-
ing may be a function of moisture in each component.  In addition, the result strongly 
emphasizes the need to ensure the reliable performance of the environmental probes 
throughout the testing period.


Figure 10  Temperature graph produced by the three data loggers installed in the 
South Court.
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4.2  Visual Inspection
Except where the cap edges adjoin the masonry, water draining from the roof seemed 
to have exited the system without entering the layer below the water impermeable 
layer.  During the visual inspection, some moisture was observed immediately below the 
water impermeable layer that could be attributed to condensation.


The area most vulnerable to water penetration was found to be where the cap system 
abuts the wall masonry.  This moisture issue indicates that for soft capping to be effec-
tive, it must cover the entire roof surface area, since partial capping results in an in-
complete seal.  In particular, folds in the capping materials required to accommodate 
irregular stone shapes provide access points for moisture to penetrate the system and 
walls.


The head of the drainage pipe showed an incomplete seal resulting in eroded soil from 
the check dam.  Since it currently remains the only pipe to channel water off the con-
crete cap, a large volume of water tends to accumulate around the pipe and physi-
cally erodes the sun-dried mudbricks.  This leads to the leakage at the top and bottom 
of the waterproofi ng layer and reduces the effectiveness of the system immediately 
surrounding the pipe head.  The soil wash that had accumulated between the water-
proof layer and the protection layer indicates that water traveled freely in this area of 
void (Figure 11).


Based on the review of Pilot Area #1, it was decided to maintain the basic design of 
the system with minor changes in materials to improve the performance.  In particular, 
alternatives to the bituminous layer was explored in order to fi nd a material that is more 
fl exible for easy installation on wall tops, is water vapor permeable to allow moisture to 
exit the system better, and is chemically inert to avoid degradation over time and dam-
age to original building materials. 


Figure 11  Soil wash which 
had accumulated between 
the waterproof layer and the 
protection layer.
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4.3  Analysis of Capping Layers


4.3.1  Plant Selection
Prior to the disassembly of the green capping system, archaeobotanist NM reviewed 
the vegetation planted in summer 2008.  Of the three different native plants selected 
including Poa sods, annual seed mix and mud balls fi lled with local grass seeds, Poa sods 
appeared most successful in their abundance, ability to thrive in the harsh climate at 
Gordion and produce seeds. Poa sods were planted relatively close to one another and 
their growth appeared dense.  One possible reason Poa sods performed better than the 
annual seed mix or mudballs with Taeniatherum caput-medusae (‘Medusa-head grass’) 
was their location next to the upper (east) mudbrick wall, which retained moisture by 
acting as a dam for water draining from the existing concrete cap.  Additionally, 2008-
2009 was a particularly wet year with higher than average rainfall.  


Of the annual seed mix planted, Poa plants appear to grow most robustly.  Medusa 
head mud balls also grew very well, although they were quite spread out and ap-
peared only in the location of the planted mudballs.  In isolated locations around the 
mudballs were Androsace maxima, which may have blown from the annual seed mix.  
A few weeds from the thistle family also appeared in Pilot Area #1.  These low, green 
plants have deep roots, which can mechanically damage the masonry and soft cap-
ping layers, and should be removed immediately.


Recommendation:  Continue to use native vegetation.  Use Poa sods as the primary 
growing medium, but spreading sods out to prevent dense growth.  In between sods, 
plant annual seed mix and mudballs.  Remove any thistles that appear.


4.3.2  Growing Medium
The growing medium used for Pilot Area #1 consisted of a mixture of soil, sand and some 
clay that was found on site.  The soil appeared to retain enough moisture to support the 
plant selection while at the same time allow water to drain adequately (Figure 12). 


Recommendation:  Use the same soil mixture, but add a lightweight aggregate.  Do not 
use topsoil or dirt that is heavy.  


4.3.3  Filter Layer
Below the plant medium and soil is the fi lter layer, which is used to prevent the drainage 
layer from clogging and minimize root penetration of planted vegetation.  Typar®, a 
non-woven, porous polypropylene, permeable geotextile fabric—known for its durability 
and resistance to rot and mildew—was selected and used as the fi lter layer.  In general, 
the Typar® was intact and in good condition (Figure 13).  No penetrations were visible, 
however many of the small roots passed through the Typar.  The opening size may be 
too large.  More roots appeared at the Typar® above the white geotextile fabric than 
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over the cardboard.  Since the white geotextile fabric appeared to hold little moisture 
(less than the cardboard), it is likely roots were reaching for moisture found in the drain-
age layer.  Its installation also appeared faulty, in hindsight.  The edges of each sheet 
did not continue up the cavity wall and instead laid perpendicular to it, allowing soil to 
pass into the drainage layer.  


Recommendation:  Use a fi lter fabric with a smaller opening size to contain the soil.  Try 
using the white geotextile fabric.  Install the fi lter fabric with the ends running along walls 
of cavity to prevent soil from entering into the drainage cavity, overlap sheets.  


4.3.4  Moisture Retention Layer
Two different types of moisture retention mats were used for Pilot Area #1, a corrugated 
cardboard and white thermal geotextile fabric.  Moisture retention mats are used to 
absorb and retain water in order to provide enough water for the growth of the plant 
media.  The prevalence of roots at the white geotextile fabric, trying to fi nd water in the 
drainage level below, indicated the low water retention capacity of the fabric (Figure 
14).  Thus, this fabric should not be used as a moisture retention mat.  The cardboard 
installed on the south was saturated, deteriorated and tore easily upon removal (Figures 
15 and 16).  In the area immediately below the Typar, roots were not visible like at the 
white geotextile.  However, the underside of the cardboard was covered with several 
types of biological growth—mainly molds of green, black, pink, white and yellow in color 
(Figure 17). The inner cavities of the corrugation and the face of the drainage layer be-
low the cardboard were also covered with biological growth.  Although this shows the 
ability of the cardboard to retain moisture, the presence of biological growth indicates 
another micro-climate that may have a long-term detrimental effect on roof assembly 
and growing medium, as this pulp-based material serves as a nutrient for biogrowth and 
will eventually degrade (Figure 18).  Furthermore, open joints and missing chinking stones 
at the south elevation of Pilot Area #1 may contribute to the higher moisture content on 
the cardboard side.  


Recommendation:  Use the dimpled, high density polyethylene sheet that was installed 
as the protection layer as a moisture retention layer.  Place sheet with dimples facing 
down and cavities facing up.  This will allow water to fi ll cavities and provide vegetation 
with a secondary source of water after rainfall.  Dimpled sheets should have holes be-
tween dimples to allow excess water to drain out to prevent overfl ows.  Size of dimpled 
cavities (cups) will depend on amount of rainfall.  


4.3.5  Drainage Layer
An aggregate drain layer consisting of four inches of gravel was used as the drain-
age layer (Figure 19).  The primary purpose of the drainage layer is to discharge excess 
water from the green roof including run off while eliminating surface fl ow and soil ero-
sion at the growth-supporting media layer.  Small amounts of biological growth covered 
the top surface of the gravel in the area with the cardboard.   Presence of biological 
growth may indicate insuffi cient ventilation.  Weep holes installed at this level were also 
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obstructed and did not appear to perform well.  Eroded mud brick walls and soil that 
passed through the fi lter layer clogged weeps that were too small in size and too rigid.  
Weeps also did not slope to drain.  Wetting of the soil and gravel also appeared to add 
signifi cant weight on the roof installation.  


Recommendation:  Use a product such as a geonet backed by a geomembrane for 
the drainage layer.  Provide a protection layer above and below the geonet.  Drainage 
through weeps shall occur at the geonet level.  Weeps should be fl exible, with proper 
opening sizes and installed at a slope to drain away from the Gate structure.


4.3.6  Protection Layer
To protect the waterproofi ng membrane from penetrations, a dimpled, high density 
polyethylene sheet typically used for foundation drains, was used as the protection layer 
of the green cap system.  The polyethylene sheet was installed with cavities facing up 
and dimples in contact with the waterproofi ng membrane below.  Fines which passed 
through the edge of the fi lter layer settled into the cavities of the protection layer (Fig-
ures 20 and 21).   


Recommendation:   Instead of a polyethylene sheet, use a puncture-resistant protection 
fabric that protects the waterproofi ng layer from any penetrations. 


4.3.7  Liquid Waterproofi ng Layer
The liquid waterproofi ng layer is the most important component of the green roof as-
sembly.  This layer will protect the walls below from any liquid water penetration, which 
is the goal of this new alternative capping system.  It is prudent to acknowledge that 
the masonry assembly will never be watertight, since moisture will penetrate the walls 
through wind driven rain.  It is also critical to point out that the use of a green roof system 
introduces a large cavity (at times fi lled with water), which did not exist previously.  Thus, 
a carefully designed system with great attention to details is critical to the performance 
of a green roof system.  A modifi ed bituminous waterproofi ng sheet membrane was 
used for Pilot Area #1.  Upon disassembly, the waterproofi ng membrane appeared to 
be in good condition.  Abrasion marks were prevalent on both faces of the membrane, 
likely caused by heat softening of the bitumen and a chemical reaction with the gravel 
(Figure 22).  In addition, the plastic sheet that lined the membrane was separating from 
the membrane, and the fl ashing tape used was pulling off the sheet.  The underside of 
the membrane was damp, probably a result of water coming through the hole adja-
cent to the central drainpipe, the migration of water from the upper mudbrick wall and 
from condensation of water vapor (Figures 23 and 24).  


Recommendation:  Use bentonite-butyl rubber composite sheets for the waterproof-
ing membrane.  Bentonite is hydrophyllic and thixotropic and is considered an active 
waterproofi ng material since it expands and becomes gel-like when it gets wet.  Further 
research into bentonite geotextile fabric is recommended (although availability and 
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cost could make this option prohibitive).


Maintenance
Upon removal of all materials installed for Pilot Area #1, the area was covered with 
Typar®, re-graded with the existing gravel and a patching mortar (reinforced with metal 
lath) installed to temporarily protect the opening from the elements (Figures 25-29).
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Figure 12  Soil layer after vegetation is 
removed.  Note void around drain pipe, 
which likely allowed water infi ltration.


Figure 13  Typar, the fi lter fabric becomes 
visible upon removal of the soil substrate.


Figure 14  Underside of Typar showing 
more roots on the white geotextile fabric 
(right) and less on the cardboard (left).


Figure 15  Moisture retention layer showing 
cardboard (left) and white geotextile fabric 
(right).  Note deterioration of cardboard.  


Figure 16  View of the cardboard with pres-
ence of biological growth is visible within 
corrugated cavities and on the gravel.


Figure 17  Variety of biological growth 
found at the underside of the cardboard.


Figure 18  In comparison to the area be-
neath the cardboard, the area below the 
white geotextile fabric was much drier.  


Figure 19  Data loggers within Pilot Area #2.
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Figure 20  After removal of the drainage 
layer.  Note cavities of protection layer 
fi lled with soil.


Figure 21  Demolition of mudbrick walls.


Figure 22  Removal of the dimpled polyeth-
ylene sheet protection layer.  Note visible 
impressions made by dimples.


Figure 23  View of the waterproofi ng mem-
brane and central drainpipe after remov-
ing the protection layer.


Figure 24  Underside of waterproofi ng 
membrane.  Note wetness caused by leak-
age.


Figure 25  After disassembly of Pilot Area #1 
green roof assembly.


Figure 26  After removal of mudbrick and 
grading using existing gravel, metal lath is 
installed as reinforcement for parge coat.


Figure 27  Mixing lime and sand for the 
patching mortar for use at Pilot Area #1.
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Figure 28  Patching Pilot Area #1. Figure 29  Addition of straw to patching 
mortar to strengthen mortar matrix and 
prevent cracks.
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In the summer of 2009, Pilot Area #2 was created to further develop the Capping Pilot 
Program at the Citadel Gate.  Pilot Area #2 consists of three existing stepped sections lo-
cated on the North Wall of the North Court structure.  This location was defi ned by FGM.  
Pilot Area #2 was designed and implemented by ABL.  In general, the capping system 
constructed at Pilot Area #2 is similar in design to that found at Pilot Area #1 with a few 
exceptions.  Exceptions include: 


Use of Tyvek® as the waterproofi ng membrane• 
Additional grading levels to help with the roof slope beneath the  • 


 waterproofi ng layer


In order to quantitatively evaluate the performance of the newly installed caps, environ-
mental monitors were placed for subsequent performance evaluation after one year.


5.1  Wall Selection
Given the time and resources, the pilot wall selection required the following criteria:


Failed concrete capping• 
Easily accessible • 
Manageable size• 
Ease of construction to accommodate predictable water drain-   • 


 age and installation of the soft cap


After reviewing the Citadel Gate, the team decided to focus on the three stepped 
sections of the North Court’s North Wall (Figures 30-32).  The wall’s western elevation is 
sloped and is not covered by a concrete cap.  The concrete cap has detached from 
the masonry, which threatens the stability of the wall (Figure 33).  The stones at the west 
elevation show some degree of displacement.  While the South Court is characterized 
by a rugged, irregular roof surface requiring extensive leveling prior to cap installation, 
the North Court offers a more regular, workable roof surface.  The space around the 
wall allows easy access to the wall, while providing enough space to host necessary 
treatment materials such as gravel and soil.  Additionally, the manageable size permits 
complete installation of the capping system in one fi eld season.


5.0  Gate Cap Pilot Treatment Program — 


Pilot Area #2
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Figure 31  The South Court Pilot Area #2 roof prior to installation of the soft capping system.  


Figure 30  Concrete cap at North Court Pilot Area #2 prior to removal for installtion of the soft vegeta-
tive capping system.


Upper Roof


Middle Roof
Lower Roof
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Figure 33  Detail of concrete cap showing detachment.


Figure 32  The three sections—Upper, Middle and Lower—of Pilot Area #2.
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5.2  Past Intervention
The concrete cap on the North Court was installed as early as 1956.  The concrete cap 
of the lower roof was severely detaching at the western edge where the masonry has 
disintegrated.  If left untreated, the wall risks an imminent danger of collapse.  The mid 
and upper roofs have open joints and cracks.  The voids under these caps, as evi-
denced by the hollow sound upon tapping, indicate stone settlement of the rubble 
core—likely caused by ground movement and erosion from water ingress.


5.3  Soft Cap Design
Soft capping systems primarily consist of the three layers used in the North Court installa-
tion:  a vegetation layer, a liquid waterproof layer and a drainage layer (Figure 34).


Temp/Moisture ProbesPlant


Growing Medium


Filter 


Capillary Break 


Water Retention


Liquid Water Barrier


Protection Layer


Separation


Drainage 


G4  (Control)


G5


G6
G7


G8


G5


G6
Rubble Core


Soft Capping North Court, Gordion 2009


Vegetation Layer


Water Proof Layer


Drainage Layer


Grade


Stone/Wall Outline


Soft Cap


Middle Phyrigian Wall


North


Figure 34  Diagram of Pilot Area #2 soft capping system indicating placement of data loggers (G) 
and individual capping layers.
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5.3.1  Vegetation Layer
The vegetation layer is composed of a plant layer to cap the wall, a growing medium to 
provide nutrients to the selected plant(s), and a fi lter/separation layer to hold the grow-
ing medium in place. The plant(s) need to be self-supportive to withstand the extremes 
of the given regional climate without regular maintenance.  The amount of growing 
medium should be kept to a minimum to avoid extra overloading but just enough to 
provide nutrients. On average the amount ranges from 3cm to 10cm.  The growing me-
dium’s ability to hold water is equally important.  The fi lter layer should prevent the drain-
age layer from clogging, since soil aggregates get washed down to the drainage layer 
during rain and snow melt.  Therefore, the pore size of the fi lter layer should be smaller 
than the size of the aggregates used for growing medium.  Furthermore, the fi lter layer 
should be fl exible for easy installation and fi t the contours of the selected wall cap.  This 
layer should also be strong enough to withstand the soil overload as the soil compacts.  
This characteristic is particularly important when the vegetation layer gets saturated with 
water or when snow accumulates on the wall top in winter and adds to the load.


5.3.2  Liquid Waterproof Layer
The waterproof layer for the soft capping system should prevent liquid water from per-
meation.  It consists of the liquid waterproofi ng material and, if installed, a protective 
layer above and below the liquid waterproofi ng material.  The layer should withstand 
the load above it and resist tearing.  At the same time, it should allow the movement of 
water vapor in order to avoid condensation below.


5.3.3  Drainage Layer
Any water that penetrates the wall core has to be drained, which is done using a modi-
fi ed French drain installed underneath the liquid waterproof layer.  By placing gravel be-
tween the waterproof layer and Typar fi lter, water is intended to move out of the system 
through void spaces, eventually exiting the system through the drainage hoses inserted 
in masonry joints.  In order to disperse water, each roof section has no fewer than two 
hoses as exit points at the north elevation.  Adjacent roofs were also connected to each 
other with no fewer than three hoses to channel excess water from the system.  
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5.4  Materials


Layer Type Layer Breakdown Material Thickness 
(cm)


Source


VEGETATION Plant Layer Poa grass 10 Transplanted from 
the fi eld east of the 
Citadel


Growing Medium Soil 3 Soil from site, sieved 
during excavation and 
of no archaeological 
value


Filter/Separation 
Layer


Typar® SF 
56


0.1 Dupont


Capillary Break 
Layer


Mix of Pink 
gravel and 
Purple gravel 


3 (Pink grav-
el); 3 (Purple 
gravel)


From Site 
(M.Goodman)


Water Retention/
Root Barrier/Pro-
tection Layer


Dimpled 
HDPE sheet


2 Fondaline


WATERPROOF Liquid Water Bar-
rier Layer


Tyvek® Fa-
cade


0.5 (double 
layer)


Dupont


Protection Layer Geotextile, 
White (Un-
identifi ed)


1 (double 
layer)


From Site 
(M.Goodman)


DRAINAGE Drainage Layer Pink gravel 3 From Site 
(M.Goodman)


Separation Layer Typar® SF 20 0.1 From Site 
(M.Goodman)


5.4.1  Vegetation Layer


a.  Plant
Poa grass is used as a vegetation layer for the soft cap system.  It is a local perennial 
grass that requires minimal maintenance.  After remaining dormant during the dry, hot 
summer, it germinates in fall.  Its shallow roots reduce the risk of root penetration through 
any geosynthetic layer, which would compromise the waterproofi ng performance of 
the system.  Additionally, it is readily available on site for transplantation and seed col-
lection and has shown a remarkable level of adaptation to the climate and geography 
of the site.  Poa grass may be supplemented with benign, short-rooted plants to prevent 
weeds from growing.


Figure 35  Chart delineating materials used in each layer.
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b.  Growing Medium
The backfi ll soil of non-archaeological value was recycled as a growing medium for the 
plant layer.  Since this sieved soil lacked nutrients from organic materials to support veg-
etation, it was mixed with a top soil available on site to increase its nutritional value.


c.  Filter Layer
Typar® SF 56 (DuPont) was installed to separate the growing medium from the water-
proof layer.  Its small pore size protects the underlying drainage layer from accumulating 
passing sediment.  It resists tearing but can also be easily cut and bent and, therefore, is 
easily shaped around the masonry of the wall.  Finally, due to its small pore size, Typar® 
could also work to retard water movement, allowing the growing medium to hold water 
and feed the vegetation planted above. 


d.  Capillary Break Layer
Two types of gravel in varying sizes (both available on site) were used to function as a 
capillary break layer underneath the vegetation layer.  Compared to compacted soil, 
the gravel offers greater void space to prevent water from moving through capillary ac-
tion.  One gravel type is roughly 1-3cm in length, while the other is 5-7cm.  In addition to 
working as a capillary break layer, they also act as a buffer space between the soil and 
waterproof layers where water could circulate in both liquid and vapor phases. 


e.  Water Retention/Root Barrier/Protection Layer
A dimpled High Density Polyethylene (HDPE) geosynthetic layer (Fondaline) was placed 
under the gravel to provide space between the gravel and the waterproofi ng layer 
and act as a drainage layer.  Its dimples can act as wells for any excess water and soil 
that travels below the vegetation layer.  While the fi lter layer should prevent most aggre-
gates from penetrating, soil may enter from the sides during surface water runoff and, 
therefore, an additional layer against it would increase the performance of the whole 
system.  The layer also provides a cushion above the waterproofi ng layer to avoid direct 
contact between the soil and Tyvek®.  Finally, the layer functions as a barrier against 
root penetration that could damage the liquid waterproof layer. 
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5.4.2  Waterproof


a.  Liquid Waterproof Layer


LLDPE Ultra-
fl ex


Sikaplan 
12G


Tyvek Fa-
cade


Geosynthetic 
Clay Liner 
(Bentonite)


Bituminous 
Layer


Manufacturer GSE Sika Dupont GSE, CETCO Onduline
Vapor Water 
Permeable


Yes Yes Yes No No


Roll Dimen-
sion (W x L 


x T)


6.9 m x 10 m x 
0.96 mm


1.54 m x 20 
m x 1.2 mm


1.5 m x 50 m 
x 0.6mm


- -


Flexibility Good Good Excellent Poor Poor
Overlap Seam 


Connection
 Hot Welding Electric Hot 


Welding 
Equipment 


or Sika - Tro-
cal Seam 
Sealant


Tyvek Tape Granular Ben-
tonite


Electric Hot 
Welding 


Equipment


Materials Low Density 
Polyethylene


Polyester 
+ Polyvinyl 


chloride 
Composite 


Layer


Polyethylene 
Composite 


Layer


Geosynthetics 
+ Bentonite 


Clay


Bitumen


Chemical 
Reactivity 
with Stone 
Masonry


None None None None Yes


Delivery Time 
(Days)


7 - 14 3- 4 3- 4 7- 10 1 - 2 


Unit price 
U.S. dollar 


(per m2)


0 1.5 0.84 2-3 0.9


The selection of a liquid waterproof layer required the consideration of the following 
criteria:


Liquid water impermeability• 
Water vapor permeability• 
Flexibility• 
Chemical inertness• 
Low cost • 


Figure 36  Chart of options considered for liquid waterproofi ng layer.
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Tyvek® from DuPont was used as the liquid waterproof layer.  Tyvek® is a composite sys-
tem containing fl ashspun high density polyethylene fi bers that are bonded by heat and 
pressure and backed by a supportive layer to render strength.  In the construction indus-
try, it is mainly used to provide water protection on building walls.  Its ability to accom-
modate water vapor movement through its pores while blocking liquid water movement 
makes it ideal for a system that requires no accumulation of liquid water inside the wall 
core.  At the same time, its fl exibility allows for easy installation.  Based on quotes by ven-
dors, Tyvek® was less expensive than GCL or other liquid waterproofi ng materials.  While 
the material characteristics of the Tyvek® layer meet many requirements of the soft cap, 
its performance in a buried environment, where it is under constant compressive load 
remains untested and requires assessment at the end of the pilot program.  


b.  Protection Layer
The white geotextile available on site provided backing for the Tyvek® layer (Wong 
2008).  This geotextile was previously used for clay capping by Mark Goodman.  It is soft 
to the touch and should provide satisfactory backing for Tyvek® under a compressive 
load.


5.4.3  Drainage


a.  Drainage Layer
For better compaction, smaller gravel was used as a drainage layer, functioning similar 
to a French drain.  


b.  Separation Layer
Typar® of an unknown product name was used.  It is thinner and more fl exible than 
Typar® SF 56 and has a bigger pore size.  Since it was readily available, it was used to 
separate the intervention system from the wall rubble core. 


5.5  Mock test of the design
The system was mock tested using a fi ve liter water bottle fi lled with layers of vegetation, 
growing medium, fi lter fabric and gravel (Figure 37).  The goal was to analyze the per-
formance of the layers without the liquid waterproof membrane.  One liter of water was 
poured into the system, which the soil/vegetation layer absorbed.  While the test lacked 
many scientifi c controls, it demonstrated the soil’s impressive ability to absorb a large 
amount of water in a system that could be adapted for use toward water management 
of the wall tops.
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5.6  Environmental Monitoring
The environmental monitoring of the soft capping system is critical for evaluating perfor-
mance.  Soil moisture, temperature and relative humidity of the system will be recorded 
for at least one year in order to quantitatively measure change in the system condition 
(Figure 38).  Five sets of probes were installed, with each set containing a soil moisture 
probe and temperature/RH coupled probe.  The upper roof did not receive a probe.  
The middle roof received two sets of probes—one above the waterproof layer and the 
other buried in rubble soil below the waterproof layer.  The lower roof received one 
probe similarly buried in rubble soil below the waterproof layer.  The western elevation of 
the wall received one set of probes, and the last set was installed as a control on top of 
the remaining middle Phrygian wall on the North Court.  


5.7  Installation


5.7.1  Wall Preparation
Before the installation began, the concrete cap was removed from all three test sec-
tions of the North Wall.  The exposed wall rubble layer of 20-30cm in depth was re-
moved, since it had no archaeological value and served only as a foundation layer for 
the concrete capping.  The rubble removed from this area was set aside for later use.  A 
soil layer was reached after digging about 20-30cm in depth from the wall top (refer to 
Figure 39).  At this depth, another layer of rubble, which contained voids, was found; this 
rubble was presumed to be the original core material.  The removal of the wall rubble 
was stopped, and the soil layer was left generally undisturbed with only minor soil level-
ing to fl atten the surface on which the soft capping system was to be placed. 


The preparation of the wall also required that unstable masonry wall courses, especially 
the top two layers, be structurally stable for any capping to proceed.  Therefore, the 
unstable top courses of the walls were reset.  Sometimes this required using stones found 
next to the wall at grade.  These newly introduced stones were recorded in order to dis-
tinguish the original North Wall courses from the most recent intervention.  All the courses 
were chinked.  


Figure 37  Mock test model. Figure 38  Environmental Monitors.
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Once the wall was prepared, a black Typar® layer was laid on the rubble core as a 
separation layer.  Afterwards, a gravel layer of 3-5cm in depth was placed as the pri-
mary drainage layer, fi lling the masonry joints, and was compacted to minimize settling.  
This layer was graded to establish a drainage plane for water to exit the north elevation 
(Figure 40).


 In order to help water leave the wall, transparent plastic hoses were placed between 
the masonry joints (Figure 41).  One end of these hoses was covered with a black Typar® 
fabric piece used for separation to prevent gravel and soil from clogging the water 
passage.  They were then placed halfway into the masonry joint in the gravel drainage 
layer and extended out approximately 3-5cm from the vertical wall plane at an angle.  


Once this was achieved, a liquid waterproofi ng layer was added.  With double layers 
of the white geotextile as a soft backing layer (Figure 42), double layers of Tyvek® were 
installed.  Both layers followed the contours of the interior face of the wall masonry of 
each roof and were folded over the same masonry courses.  For each cap, two over-
lapping Tyvek® layers were bonded with acrylic tape.  Then an additional layer of 
Tyvek® was placed to enhance strength and its waterproofi ng ability.  In order to ensure 
that the waterproofi ng layer work, approximately ten liters of water were poured over 
the Tyvek® layer and left for fi fteen minutes to check its performance against water per-


North Elevation West Elevation


Soft Capping North Court, Gordion 2009


1m


Upper Roof


Middle Roof


Lower Roof


Grade


Original Stone Course


Reconstructed Stone 
Course


Soft Cap


Middle Phyrigian Wall


Figure 40  North Wall elevations from north and west.
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meation (Figure 43).  After the water test was deemed successful, a dimpled HDPE layer 
was placed over the Tyvek layer, followed by a capillary break layer consisting of gravel 
(Figure 44).


A fi lter/separation layer was placed over a fl attened capillary break layer.  This layer was 
inserted between stone courses to prevent water ingress.  A compacted growing me-
dium was placed at about 3-5cm in depth.  


Finally, Poa sod transplanted from the fi eld was placed above the growing medium.  
Spaces between each sod patch were fi lled with stone rubble from the wall core for 
anchoring and any extra soil used for the growing medium.  Mud balls containing Poa 
seeds were also placed in these areas.  The cap was then watered several times to en-
sure sod survival (Figure 45).


The sloped western elevation was covered with stone rubble from the wall and was 
covered with 3-5cm of soil (Figure 46).  It was then capped with Poa sod and mud balls 
(Figure 47).
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Figure 39  Rubble core. Figure 41  Separation layer.


Figure 42  North Wall during installation of 
soft capping system.


Figure 43  White geotextile.


Figure 44  Tyvek during water test. Figure 45  Water retention layer.


Figure 46  Final installation of soft capping 
system.


Figure 47  West slope with stone rubble.
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The North Court installation has been designed to address the problem of moisture 
ingress at the North Wall.  With the success of Pilot Area #1, which partially cover the 
western end of the Citadel Gate’s South Court roof, Pilot Area #2 at the North Court is 
a more complete installation and covers the entire North Wall; this capping system has 
been modifi ed to avoid water concentration from surface run off.  As in Pilot Area #1, 
the plants are expected to successfully survive transplantation and absorb excess mois-
ture.  


The pilot work done at North Court should be reviewed after at least one year to evalu-
ate its performance (Figures 48 and 49).  Methods to complement the current in-situ 
experiment include a literature review and laboratory experiments to further the under-
standing of material service life in a subsoil application, as well as knowledge of moisture 
movement within the soft vegetative cap system and its relationship to temperature 
change.


6.0  Conclusion


Figure 48  West slope with sod. Figure 49  North Wall with complete installation of 
soft capping system.
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1. INTRODUCTION 
 
In keeping with high priority needs of interventions identified in 2007, the Terrace Building 
Complex has remained a prime focus of conservation at Gordion during the field season of 
2009.  This report provides a description of the work methodology applied in this project, the 
conservation activities carried out in selected areas along the east and north walls of Terrace 
Building 2, and recommendations for the 2010 conservation program at the Terrace Building Complex. 
 
The current Site Conservation Program at Gordion was begun in the summer of 2006.  In 2007 a 
Five-Year Site Conservation Program was established to address architectural and site conservation 
issues at Gordion and to identify high priority needs of intervention.  In 2008, the program was 
launched with dedicated funds from the Penn Museum/1984 Foundation.   
 
Continuation in 2009 with the same principles of conservation developed in 2007, has included new 
remedial works of masonry stabilization in the Terrace Building Complex.  As a result, the 
treatment program outlined during 2009 has focused on the conservation and presentation of extant 
architectural fabric.   
 
The 2009 site conservation field season began June 21 and ended August 3.  The main two 
objectives of field work were: (1) to select a wall area within the Terrace Building Complex suitable 
for implementing stabilization and display of original masonry using conservation treatments and 
structural retro-fitting, and (2) to test different methods of wall capping using soft and hard systems.   
 
1.1  Terrace Building Complex: General Conditions 
 
The Terrace Building (TB) Complex incorporates eight nearly identical units and spans more than 
100 meters on the northwest-southeast axis of the Citadel.  Each unit is parallel to one another, 
shares a common rear wall and has an identical southwest-northeast orientation with a front opening 
to the southwest.  The dry laid masonry walls are composed of two roughly squared ashlar stone 
veneers of predominately limestone and sandstone with a rubble core of small stones and clay/silt 
debris.  The Phrygian builders likely installed wooden timbers as leveling courses within the masonry 
walls and as vertical support posts for the roof and inner galleries.  The extant walls currently maintain 
a maximum of four courses and stand approximately 1-1.5 meters in height. 
 
The deteriorated condition of the Terrace Building masonry partially results from the catastrophic 
9th century BCE fire, which marked the end of the Early Phrygian Period at Gordion.  Combustion of 
the timber string courses within the original masonry caused an outward rotation of the two wall 
veneers, which separated the wythes and compacted the rubble core.  The intense heat from the fire 
additionally caused the limestone masonry to crack and partially calcine.   
 
More recently, full exposure to the harsh Anatolian climate following the 1950s excavations has 
contributed to further damage.  Freeze/thaw cycling has caused numerous fire-damaged stones to 
crack and disintegrate, and seismic activity has produced structural instabilities.  As a consequence, 
the outward splaying of veneer walls increased, numerous fire damaged stones disintegrated and 
entire original features and wall sections disappeared.   
 
In the late 1990s, architectural conservator Mark Goodman carried out temporary stabilization of 
most of the walls in the Terrace Building Complex.  His works involved the use of sandbags for 
buttressing covered by geofabric and a capping of geofabric, stone edging and expansive clay.  The 
sandbags provided structural support while the clay capping provided a moisture barrier.  However, 
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this intervention, intended as a short-term solution, was subject to weathering and required a high level 
of maintenance.   
 
An alternative partial reburial and display program implemented during the 2006 season was 
introduced to arrest deterioration and included monitoring of moisture content to determine the 
efficacy of various burial systems.  During 2007 and 2008 specific causative factors resulting from 
reburial were identified for further evaluation of the program.  Necessary revisions to both the 2006 
and earlier reburial programs required the exploration of masonry treatment and structural 
retrofitting options during the 2009 field season. 
 
 


 
 


South view of the Terrace Building Complex from the Visitor Circuit 
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2. MASONRY CONSERVATION PROGRAM 
 
2.1  Conservation Methodology 
 
The 2009 site program has explored new methods of conservation and presentation of the Terrace 
Building Complex, which will maximize the archaeological value of the existing walls and floors 
with no or limited rebuilding and improve legibility with no or limited reburial.  Chosen 
intervention strategies, designs and materials adhered to a set of principles established to minimize 
visual impact, reduce maintenance requirements and limit the need for future interventions.  Tested 
and reviewed conservation techniques included the use of adhesives (epoxy resins) and grout 
injection of cracked and delaminated stones, pinning and cable support of dislodged stones and wall 
capping.  These treatments will be left in place for one year before a full program of treatment is 
implemented during the 2010 field season. 
 
2.1  Conservation Treatments1   
 
Stone Replacement 
 
The rebuilt stone walls of Terrace Building 4 (TB4) are the most recognizable example of previous 
masonry intervention in the Terrace Building Complex to date.  The works were carried out in 1993-95 
and 1998 with the purpose of reconstructing one Terrace Building unit for interpretative presentation.  
Though the rebuilt walls appear to be in good conditions, this technique of wall preservation has 
been rejected as too extreme visually and comprises the architectural integrity of the walls. 
 
In 2009, a new approach was tested whereby individual stone was infilled in areas of total or partial 
loss in order to improve the stability of a wall and restitute the uniformity of the masonry so it can 
remain exposed.  With this in mind, new stone replacement was established according to the following 
protocol: 
 
- Missing stones and stones that were reduced in size to the extent that they were not able to 


support stones placed above them were replaced with a new stone block.  The new stone was 
positioned either flush or slightly projected, depending on the surviving masonry nearby.  As 
all original stonework is recessed from the original wall plane due to weathering, projected 
rather than recessing new stonework was therefore advocated as the best method to differentiate 
subtlety the new from the existing. 
 


- In an area of partial loss where most of the existing stone has remained in good condition, the 
stone was retained and the new stone unit was infilled as a Dutchman (facing stone); otherwise 
all other replacement was carried out as full units. 
 


- In general, sizing of blocks and course laying of new stone replacement followed the original 
ashlar veneer pattern of the original wall.   
 


- All new replacement stones were cut from new blocks stored on site which remained from 
works carried out in the 1990s (TB4) and are generally local limestone.   
 


- In areas of stone replacement, the area was completely cleared of soil and debris in order to 
provide a clean surface for better bonding of the new stone.  Hand removal by chisel and 


                                                 
1 The procedure of each of these treatments is described in detail in the appendix section of this report.   


 


4







 


hammer was used with extreme caution to aid in the removal of highly eroded or deteriorated 
portions of original blocks still in place.  Complete removal of sound stone embedded in the 
wall was avoided to prevent weakening of the masonry.  
 


- Unlike the original masonry, which is dry laid, all new stones were set in a hydraulic lime, sand 
and brick dust mortar at a ratio of 1: 2.5: 0.5 parts by volume respectively.  The mortar was 
applied with trowels or hand injected as a slurry behind the new blocks in order to guarantee 
proper bonding with the original masonry.  Stone joints in the areas of replacement were 
finish pointed with the same mortar mix.   
 


- Surface tooling of the new stone was carried out with a pointed hand chisel in order to blend 
with the existing original stonework, which has lost its original surface due to weathering. 
 


- A finish patina of clay mixed with water was applied to the surface of the new blocks to help 
blend them with the existing original stonework.  
 
 


 
 


Positioning new stone replacement blocks in an area of loss along TB2-5. 
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Structural Retrofitting of Splayed Walls 
 
The first attempts to arrest the precarious structural conditions of wall remains in the Terrace 
Building Complex were carried out during the excavation campaigns in the 1950s and 1960s.  
Excavators often built retaining walls of stone rubble and blocks to buttress the walls after 
exposure.  This rudimentary measure of supporting the unstable walls helped resolved safety and 
stability issues during excavation.  However, the rubble buttresses were aesthetically incompatible 
with the original ashlar walls.  In addition, they were not applied systematically so many walls 
continued to deteriorate.  In some instances, the buttresses themselves were affected by erosion and 
became no longer effective.2 
 
An efficient and economical system of temporary stabilization and display of walls in the Terrace 
Building was installed by Mark Goodman in the late 1990s.  This system involved the use of 
sandbags for buttressing covered by geofabric and a capping of geofabric stone edging and 
expansive clay.  Unfortunately, the components of this system are generally in poor condition now 
due to deferred maintenance.  Some sandbags have burst from fabric failure and the geofabric 
has torn from UV degradation. 
 
Between 2006 and 2008, soil buttressing combined with soft vegetative wall capping systems were 
tested as a method of wall reburial and site presentation of unstable remains.   
 
The field season of 2009 addressed the need of developing and testing a method of structural wall 
retrofitting for the Terrace Building that could allow the preservation and display of the wall 
remains in their deformed condition (outward splay of walls).  This way, a system of bars and cable 
support of dislodged stones was designed and installed in a trial section of wall in TB2.   
 
Basically, the system functions as a horizontal element to tie together unbound ashlar blocks along 
both sides of a wall in order to restrain further outward splay or collapse.  Basically, it is composed 
of two main components: (1) vertical stainless steel bars inserted in ashlar blocks located on both 
sides of the wall and (2) a stainless steel cable that interweaves (zigzags) around the bars and across 
the core of the wall.  Stainless steel bolts and washers inserted in the bars help restrict the 
displacement of the cable while turnbuckles placed at both ends of the cable keeps it in tension (see 
following graphics and details). 
 
This new proposal of wall structural retrofitting is less visually obtrusive than a supportive 
buttressing and requires less maintenance because it is installed inside the core of the wall.  
However, the best advantage is that it is completely reversible so all parts of the system could be 
removed without damaging the original fabric.  
 
Installation required the temporary removal of original core material from the upper stone courses 
of the wall.  The height of installation inside the core was adjusted according to the condition of the 
masonry.  All ashlar blocks selected for the insertion of bars were located at the same height level 
from the ground and drilling was carried out through completely sound masonry units.  Prior to 
interweaving the cable through the bars, grout3 was poured inside the drilled holes to help block the 
bars in place.  Once installation was complete, the cable and bars were completely covered by all 
removed original core material which was returned back to its original place in the wall.   


                                                 
2Goodman, Mark. 2005.  Architectural Conservation at Gordion.  In The Archaeology of Midas and the Phrygians - 
Recent Work at Gordion, ed. Lisa Kealhofer. Philadelphia:  The University of Pennsylvania Museum of Archaeology 
and Anthropology. 215 - 229. 


 
3 Hydraulic lime HHL (Lafarge) mixed with water and 10% acrylic emulsion. 
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Injection and Re-attachment 
 
Due to the high number of stone blocks affected by various degrees of delamination, cracking, and 
detachment observed in the Terrace Building Complex, another important treatment was injection
and reattachment of damaged blocks so they could be saved in place.   
 
In 2006, a lime-based masonry grout prepared on site was tested with success in hand-injection of 
cracked stone blocks of the Citadel gate.  The good results obtained in the past and the readily 
available hydraulic lime on site contributed in considering using grout for injection in the Terrace 
Building during the field season of 2009.   
 
However, due to limitations in the use of grouts for re-attachment4, there was a need to find an 
alternative low viscosity material to be used where grout injection was not applicable.  Based 
on discussions with the project director, it was decided to test on site a resin adhesive (epoxy) for 
re-attaching loose fragments within damaged blocks. 
 
Grout Injection 
 
Preliminary site tests of several grout mixtures prepared with hydraulic lime5 and different 
aggregates were carried out to evaluate shrinkage and hardness.  The best results were obtained with 
a mixture of hydraulic lime, sieved sand and brick dust in a ratio of 1: 2: 0.5 by volume respectively 
mixed with water containing 10% of an acrylic emulsion6 to obtain a low viscosity mixture adapted 
for injection.   
 
Grout injection was carried out always in-situ and proved a very suitable treatment for filling deep open 
cracks and network cracking of blocks in which the use of epoxy could have presented a great risk 
of bleed of the resin into the wall core and masonry joints.   
 
Epoxy Injection and Re-attachment  
 
Low and high viscosity epoxies as well as slow and hard setting types available locally were 
researched at the beginning of the season and based on the results obtained, two epoxy types 
manufactured by Sika were purchased for testing: (1) Sikadur-31 (epoxy paste) and (2) Sikadur-
51 Injection Type N (low viscosity epoxy).7  A quickset epoxy8 was also purchased for “spot-weld” 
applications during treatments.  Preliminary site tests using these epoxies were carried out before 
applications in the Terrace Building.   


 
 


                                                 
4 The main limitation of lime-based grouts is their low-setting time which can create serious difficulties when re-
attaching large fragments.  In addition, water needed for pre-wetting the masonry before injection of the grout can cause 
the re-activation of salts present in some areas of the original masonry which can result in detachment and failure after 
setting of the grout.   


 
5 Lafarge HHL hydraulic lime available on site. 


 
6 A water based acrylic (similar to Primal) used as wood glue purchased in a hardware store in Polatli. 


 
7 Both products were purchased from a representative of Sika Products in Ankara. 


 
8 UHU epoxy, a five-minute setting resin adhesive manufactured by UHU GmbH and Co or other brands available in 
the hardware stores of Ankara. 
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In general, tests with Sikadur-31 showed ease of application and gave good results in re-
attaching fragments of various sizes.  However, the high viscosity of this epoxy limited its 
application.  On the other hand, the first tests of injection with the low viscosity epoxy, Sikadur-51 
Injection Type N , proved unsuccessful because when injected pure the resin was too liquid 
and “bled” through the pores of the stone.  Fortunately, this problem was resolved by mixing the 
resin with calcium carbonate.  Mixtures of these two materials at different ratios resulted in 
different consistencies of epoxy: from a liquid (low viscosity) type suitable for injection to a paste-
like type which was used in the insertion of bars inside the masonry and in re-attachment when 
there was a need to guarantee good adhesion of fragments with a small amount of resin.  The 
quickset epoxy performed well in “spot-weld” applications when there was a need to stabilize in 
place large detached fragments of stone during injection.   
 
In several cases, particularly in the re-attachment of large stone fragments, epoxy repairs were 
complemented by the insertion of stainless steel or Fiberglass bars.  This treatment, commonly 
known as “masonry pinning”, helps reinforce the masonry and guarantee good anchoring of 
fragments after re-attachment.  The diameter of bars was selected according to each particular 
condition of detachment and the size of fragments. 
 
Epoxy treatments were carried out both in-situ and in stone blocks temporarily removed from their 
original position on the wall.  Due to the irreversibility of the epoxy, a careful evaluation of the 
existing conditions was required before deciding on its application..  Epoxy, particularly when 
injected, was always handled with special attention in order to avoid leaks into the original 
masonry. 
 
 


 
 


Site testing of epoxy resins. 
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Masonry Pointing 
 
Like other structures in the Citadel, the original masonry in the Terrace Building Complex is dry 
laid and the few traces of mortar still present inside the original masonry joints are probably the 
remains of soil-based plasters that were applied to the walls. 
 
Between 1993 and 1999, a masonry mortar was used to set new stone blocks during reconstruction 
works carried out in TB4.  Later in 2006, a lime-based mortar was used to repair and stabilized 
sections of walls that were left exposed in TB2 and TB1.   
 
Apart from the need of a mortar for setting new stone blocks in areas of loss, it was also considered 
important to use mortar for pointing existing masonry in order to help restore the uniform 
visual appearance of a wall and most importantly, to protect exposed original stonework 
from water penetration.  Therefore, the use of mortars for new stone replacement and masonry 
pointing of the TB2 walls was discussed with the project director at the beginning of the field 
season.  The different alternatives of binders were also considered and in the end it was decided to 
use soil and hydraulic lime, both materials already available on site, as binders for the test mortars.  
The two mortar formulations selected for applications along TB2-1 and TB2-5 walls are as follows: 
 
- (1) Lime-based mortar:   prepared with 1 part hydraulic lime, 2.5 parts masonry sand and 0.5 


parts of brick dust (parts by volume).  This mortar was used for setting and pointing new stone 
blocks in areas of loss along TB2-5.   
 


- (2) Soil-based mortar:  prepared with a mixture of clay, masonry sand and brick powder (3:2:1 
parts by volume respectively) which was then mixed with hydraulic lime in a proportion of 5 
parts of soil mix to 1 part of lime.  Water with 10% acrylic emulsion was added to the mortar 
until reaching the right consistency of application.  This mortar had three different applications 
within the area of intervention along TB2-1: (1) in setting new facing blocks in areas of loss, 
(2) in pointing existing masonry and, (3) in the re-insertion of original and new chinking stones 
in the open joints of the original wall.  


 
The final decision regarding the most suitable mortar type to be used in the future treatment 
program of the Terrace Building walls will be based on the performance of these mortars after one 
year of exposure to the elements. 
 


 
 


Masonry pointing along TB2-1 with soil-based mortar. 
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Wall Capping 
 
As long-term exposure of the wall remains proved clearly damaging, another pressing need since 
the time of excavation has been to find an effective method of capping protection for the wall tops.  
In 1988, excavators capped the newly exposed walls with earth-covered polyethylene sheeting 
anchored by small stones as a preventive measure that provided protection against freeze-thaw 
damage.9  During the reconstruction of TB4, different hard capping systems, including the use of 
concrete, were tested without obtaining good results.   
 
A more effective method of supportive buttressing and mud-clay capping with plastic sheeting for 
the top of the walls of the Terrace Building was used by Mark Goodman in the late 1990s until 
2004.  The clay caps not only protect the wall tops from freeze/thaw cycling but also provide a 
moisture barrier even during heavy rainfall.  This capping system was then applied to the rest of the 
site due to its effectiveness, low cost and visual compatibility.   
 
Testing, monitoring and implementation of reburial and new wall capping methods, specifically the 
use of “soft” or vegetative caps to stabilize the masonry, were carried out in the Terrace Building 
Complex between 2007 and 2008.  Based on results obtained and the data analyzed, it has been 
proved that this system controls water intrusion, reduces maintenance and improves site appearance.  
Thus, these techniques will prove to be viable options when walls cannot be exposed due to fragile 
materials or excessive displacement. 
 
Another important task for the field season of 2009 was to find an alternative capping solution that 
could be installed on wall remains after the completion of conservation works.  This new capping 
system should provide protection from freeze/thaw cycling while the walls remain exposed.  In 
addition, the following general parameters were taken into consideration for the new design: 
 
- Be distinguishable from the original building fabric while visually unobtrusive; 
- Be economical and versatile enough to allow for systematic implementation on a wide range of 


site architecture; 
- Require low maintenance; 
- Make use of local available clay material to provide a moisture barrier; 
- Make use of geofabrics currently in use on site; 
- Make use of local native plants for capping which have been tested and applied on site. 
 
Three experimental capping systems A, B and C were assembled for evaluation during a one-year 
monitoring period along a wall section of TB2 (see following drawings and details). 
 
- Capping system A:   Formed by a moisture barrier (geofabric10 and clay) and a soft capping 


system of Typar11, mud-bricks, soil and local perennial grasses.  This system is generally based 
on past examples of wall capping applied in the Citadel. 
 


- Capping system B:   A hard capping system formed by original stone rubble from the wall core 
set in soil and local perennial grasses planted in the soil between the rubble stones.  This wall 


                                                 
9 Goodman, pp. 215-229. 


 
10 White thermal geofabric fabric purchased locally in a nursery near Ankara by Sarah Cleary and Evin Erder in 2006. 


 
11 A liquid waterproofing membrane manufactured by DuPont and purchased in Istanbul.  This material was also used 
for the soft capping system applied in the gate (Pilot area #2) last summer. 
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capping system intends to replicate the growth of plants on top of walls, which naturally 
happens on the remains of the Citadel.   
 


- Capping system C:   A hard capping system of original stone rubble from the wall core set in a 
soil-based mortar.12  


 
 
 


 
 


During installation of capping systems along TB2-1. 
 


                                                 
12 Same soil-based mortar mix used in pointing of masonry in TB2. 
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3. TERRACE BUILDING 2 (TB2):  WORKS CARRIED OUT DURING 2009 
 
During the summer season of 2009, Terrace Building 2 (TB2) was selected for designing, installing 
and testing long term solutions of structural stabilization and wall capping that could allow the 
walls to remain exposed.  The selection was based on the existing conditions found in TB2, which 
are typical not only of the Terrace Building Complex but for much of the extant architectural 
features in the Citadel Mound.  Site survey of conditions and various interventions were carried out 
along a section of the north wall (TB2-5) and along a section of the east wall (TB2-1).   
 


 
Location of TB2-1 and TB2-5 within TB2 


 
3.1  Site Documentation  
 
The aim of site documentation during 2009 was two-fold: first, to document the conditions found 
after the exposure of the remains and second to record the intervention carried out during the field 
season.   
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Condition Survey 
 
After the removal of all buttressing soil and wall capping material from the wall remains selected 
for intervention, the fully exposed wall elevations were photographed with a color digital camera.  
All partial views taken along the whole length of the elevation were rectified and montaged together13 
to obtain a single elevation of the complete wall.   
 
Concurrently with site photography, key conditions found on the exposed walls were identified in 
order to serve as base for the assessment of the existing masonry.  Due to the restraint of time and in 
order to simplify the survey process, it was decided to limit the quantity of conditions and record 
those most recurring.  This way, the glossary of masonry conditions specific to the Terrace 
Building walls used for the survey includes the following:  
 
- Loss (more than 15 centimeters):  The general absence of stone material resulting in significant 


incompleteness of form.  This condition includes: partial loss  which is greater or equal to 15 
centimeters in depth of the masonry; and total loss which is the complete loss of masonry unit 
or of entire sections of the wall. 
 


- Detachment and cracks within a block:   Generally, these two conditions were found together.  
“Detachment”, most probably a consequence of cracking, is any planar discontinuity or void 
within the stone unit detected by a hollow sound produced when tapping on the surface.  This 
condition may be blind (not visible) or in association with cracks.  On the other hand, “cracks” 
are defined as all fractures of variable width, depth, and direction occurring within a single 
stone block, usually attributed to thermal movement (fire), intrinsic geological joints, uneven 
loading, or impact.  Cracks could be present as a single fracture or as a concentration of small 
multi-directional cracks within a stone block (network cracking).   
 


- Displacement:  The significant deviation of individual stones or parts of stones from the plane 
of the wall, usually found on the upper course of a wall remain and not always associated with 
structural movement. 
 


- Open joints and missing chinking stones:  A void or empty space within the masonry joints due 
to erosion and absence of chinking stones.   


 
The above conditions were identified on site and annotated on the wall photomontage prepared for 
the survey; the observed conditions were then digitally transferred using AutoCAD.   
 
Treatment Survey 
 
All treatments carried out along the wall sections of TB2 were recorded on the wall photomontage 
immediately after completing works on site.  As for the survey of conditions, a glossary of 
masonry treatments specific to the intervention carried out in the Terrace Building walls was 
defined as follows: 
 
- Total stone replacement (whole block):  Full stone replacement carried out in areas of complete 


loss of masonry units.  The new block was generally sized according to the measurements of 
the missing original and positioned in place with lime mortar. 
 


                                                 
13 This was carried out using Photoshop. 
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- Partial stone replacement (facing block or “Dutchman”):  Partial stone replacement carried out 
where partial stone loss greater or equal to 15 centimeters was found.  The new block was 
sized as per the amount of stone loss; then placed in front of the eroded original and set in lime 
mortar. 
 


- Re-attachment with epoxy resin ( in situ):  Epoxy resin, applied as paste or injected, used in 
the re-attachment of loose fragments and injection of voids within a stone unit.  This treatment 
was applied to existing blocks showing detachment and cracks and it was completely carried 
out while the stone remained in position.   
 


- Re-attachment with epoxy resin ( with temporary removal of block) :  Epoxy resins, applied as 
paste or injected, used in the re-attachment of loose fragments and injection of voids within a 
stone unit.  Temporary removal from the original position of existing blocks showing 
detachment and cracks was required prior to the treatment application; all blocks were then 
returned to their original place on the wall after completion of intervention. 
 


- Resetting of displaced blocks:  This treatment was carried out in displaced blocks from the wall 
plane, in great risk of collapse, and located along the last (upper) remaining course of a wall.14  
The displaced block was removed, cleaned, put back into position according to the wall plane, 
and finally set in mortar.   
 


- Grout injection:   Manual injection of a lime-based grout (fluid mortar) inside cracks, voids 
and/or cavities within a stone block.  This treatment was always carried out while the stone unit 
remained in its original position (in-situ).   
 


- New mortar/final repointing with mortar:   This treatment was applied in conjunction with new 
stone replacement to set new stone blocks in the wall and to fill in empty spaces within the 
joints of the existing masonry.  In this particular case, mortar repointing was combined with the 
re-insertion of missing chinking stones inside the masonry joints.  As explained before, a lime-
based mortar was used to set in place and finish point new blocks (TB2-5) while a soil-based 
was used for re-pointing of original masonry and re-setting in place displaced original blocks 
(TB2-1).  


 
The above treatments were annotated on the wall photomontage following the same procedure used 
for the survey of conditions.   
 
Site documentation was complemented by digital color photography to help illustrate preliminary 
conditions, treatment applications and views after intervention.  The organization of the 
photography record was carried out following a format pre-established by the ACL/UPenn.
  
 
The computer-aided graphic representation of the site survey is a valuable record of masonry 
assessment and treatment application.  It is hoped that site documentation of remaining sections of 
the walls in the Terrace Building are surveyed using the above system in the future.  New 
conditions and treatments should be added to the glossary if necessary.   


                                                 
14 Displaced blocks along lower wall courses were left in place and retrofitted in-situ using a cable and stone pinning 
system.   
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3.2  Conservation Intervention  
 
North Wall (TB2-5)  
 
This wall is about 13 meters long, 1.50 meters wide and stands over a meter high.  It was previously
protected by reburial material formed from soil and sand along both sides and a capping system 
of plastic sheeting, stone edging and expansive clay.   
 
Overall, the wall is in good condition.  Stone blocks affected by cracking and detachment in need 
of treatment are located along the upper surviving wall courses.  Total and partial loss of masonry is 
generally concentrated along the lower courses.  Active surface disaggregation and fire damage are 
not apparent.  Open joints with missing chinking stones are visible on all the stonework of the 
elevation.  The wall shows different degrees of splay along its length and the deformation tends to 
be greater at the center.   
 
TB2-5 was selected for conservation treatments and structural retrofitting.  Intervention was carried 
out along a section of approximately 4.5 meters long located near the northwest corner of the room.  
Work is summarized as follows: 


 
- All sand and protective capping material were removed manually along the wall with the 


exception of the west corner which was left covered.  Shoring along both sides of the wall was 
installed to provide support and stability during intervention. 
 


- The wall was photographed and all stonework and existing conditions of the area under 
intervention were traced and recorded in AutoCAD.   
 


- The original core material from the upper two stone courses along the area of intervention 
(approximately 3 meters long) was manually removed to allow for the installation of the 
structural retrofitting system.  All material was stored on site. 
 


- New stone infill was carried out in the areas of loss.  All new blocks were cut and shaped from 
sandstone blocks stored on site.  Due to the absence of new long replacement stones, one 
original block of 95 centimeters long was replaced by two blocks.  Two original blocks 
showing partial loss (more than 15 centimeters) were replaced by new facing blocks 
(“Dutchman”).  All new blocks were set in a hydraulic lime/sand/brick powder mortar 
(2.5:1:0.5) prepared on site.  In some areas, this mixture was injected behind the new blocks in 
order to guarantee proper bonding to the original masonry.   
 


- Paste epoxy and a liquid epoxy mixed with calcium carbonate were used in re-attachment of 
cracked and delaminated blocks.  This treatment was carried out in-situ in all damaged blocks 
with the exception of one large highly deteriorated stone block from the uppermost course, 
which was temporarily moved from its original position before treatment.  In this block, epoxy 
was applied in paste and injected mixed with calcium carbonate inside cracks.  Where needed, 
all epoxy treatments were carried out with the insertion of stainless steel threaded rods and 
fiberglass bars in order to provide support and to secure in place large stone fragments.   
 


- Cracks within blocks of the lower courses were hand-injected with a lime-based grout (1 part 
hydraulic lime: 2 parts sieved sand and 0.5 part brick dust mixed with water and 10% of an 
acrylic emulsion). 
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- The structural retrofitting system was installed inside the empty core of the wall.  It was 
composed of: eight stainless steel 10 millimeter-diameter threaded rods (inserted in blocks 
immediately below the upper surviving course and grouted in place with a mixture of hydraulic 
lime, water and acrylic emulsion); 16 stainless steel washers and bolts inserted in the bars, a 
stainless steel cable of 4 millimeters in diameter and, two turnbuckles to stretch the cable and 
connect it to the rods.   
 


- All original core material was placed back along the area where structural retro-fitting was 
installed.  The original core material from the upper course was pre-mixed in dry with 
hydraulic lime (5:1 parts by volume respectively).  A temporary protective cap formed of 
geofabric, stone edging and expansive clay was installed along the wall top. 


 
 


 
 


During manual removal of buttressing soil material and wall cap from TB2-5. 
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East Wall (TB2-1)  
 
This wall is about 12 meters long, 1.40 meters wide.  The wall height above ground level varies 
from a maximum of four stone courses at the wall corners to one course and a half toward the 
middle of the wall.  All masonry is completely missing from a section of approximately 2 meters 
long in the center of the wall.  Sandbags were placed along both sides of the wall while the top was 
protected by a capping system of plastic sheeting, stone edging and expansive clay.   
 
Wall conditions are similar to those described for TB2-5 with the difference that splay of walls 
in not present in TB2-1.  Some original blocks of the upper surviving course are displaced from the 
plane of the wall. 
 
TB2-1 was selected for conservation treatments and test trial of three capping systems in order to 
evaluate the performance of the wall after one year of exposure.  Works were carried out along a 
section of approximately 5 meters long and they are summarized as follow:  


 
- Sandbags and protective capping were removed manually along the wall to allow the 


photography and the site survey of overall conditions.   
 


- Masonry work and wall conditions of the area under intervention were traced and recorded on 
the photomontage of the wall and in AutoCAD.    
Original core material was temporary removed from the upper existing stone course to allow 
for conservation treatments and installation of protective capping.    
 


- Re-attachment of cracked and delaminated blocks using epoxy resins and stainless steel rods 
for support was carried out in-situ.  In-situ manual injection of cracks within blocks with grout 
was carried out where epoxy was not a feasible treatment.  
 


- A large displaced block was removed and reset back into position using a soil-based mortar (5 
sand/clay mix: 1HHL).   
 


- Partial stone replacement was carried out in areas of stone loss equal or more then 15 
centimeters.  All new facing stones were set in soil mortar (5 sand/clay mixture: 1HHL). 
 


- All existing and new masonry was pointed with soil mortar (5 sand/clay mixture: 1HHL).  
Chinking stones and mortar were used to close existing large open joints. 
 


- Original core material pre-mixed in dry with hydraulic lime was placed along the bottom half 
of the core cavity. The wall portion under intervention was divided in three sections in order to 
install the three capping tests: A, B and C. 
 


- Wall capping installation: Capping system A:   This system was installed in the northern third 
portion of the wall, where almost three stone courses are visible above ground level.  A layer of 
white geofabric and expansive clay was placed inside the upper half of the wall core cavity.  A 
border of mud-bricks set in soil mortar was built on top of the last stone course and a layer of 
Typar was placed at the bottom of the space delimited by the mud-bricks.  The system was 
completed by placing soil, small gravel, transplanted poa sods and Androsace Maxima seeds.  
Water was sprayed several times over the plants and soil.  Capping system B:   Installed in the 
middle third portion of the wall, where the wall is one and a half courses high.   Different sizes 
of original rubble stones, previously removed from the wall and saved on site, were placed 
inside the upper half of the wall core cavity.  The spaces in between the stone rubble were filled 


40







 


half way with soil.  Then transplanted poa sods and Androsace Maxima seeds were placed on 
top of the soil in between the stone rubble.  Like for system A, water was sprayed several times 
over the plants and soil.  Capping s ystem C:   This hard capping system was installed in the 
southern third portion of the wall, where the wall is also one and a half courses high.  Different 
sizes of original rubble stones were placed inside the upper half of the wall core cavity and set 
in soil mortar (5 parts clay/sand: 1 part HHL and mixed with water containing a solution of 
10% acrylic emulsion).   
 
 


 
 


During manual removal of buttressing soil material and wall cap from TB2-1. 
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3.3  Personnel, Site Organization, Materials and Equipment  
 
Personnel 
 
The members of the site conservation team which collaborated and carried out different works at 
the Terrace Building Complex in 2009 are:  Elvan Cobb (site coordination; procurement); Elisa Del 
Bono (site and works supervision, documentation, procurement); Leslie Friedman (documentation, 
grout injection); Meredith Keller (documentation); Angelo Lanza (masonry treatments, site 
training); and Sarah Stokely (documentation; inspection of past interventions). 
 
During the last field season, conservation works were carried out entirely with the help of local 
laborers, most of who have been working in the project since the late 1990s when Mark Goodman 
became the site conservator at Gordion.  In 2009, the local crew was formed by six full-time 
laborers:15 Fikret Bekler, Soner Atiktı , Őműr Atiktı, Őmer Utgu, Nahit Yilmaz and Metin Aukan.  
Recep Bekler and Tacettin Bekler, were also part of the crew as part-time workers.  To facilitate 
communication and interaction with the local crew, Fikret16 was appointed as the foreman of 
the crew and was given more responsibility.   
 
Works were distributed among the crew in order to allow for simultaneous intervention along the 
two wall sections of TB2 and works in the other sections of the Citadel.  The foreman and the crew 
members with more experience were given more responsibility so they could manage works 
independently.  This way, general site cleaning, storage and transportation of materials, were 
practically carried out by the crew without much involvement of the project site supervisors.   
 
Training of Turkish laborers in different masonry treatments was a very important part of the scope 
of activities and mission of the project during last season.  Training was carried out especially in 
new stone replacement and masonry pointing with Soner Atiktı and Őműr Atiktı as trainees and in 
epoxy repairs with Nahit Yilmaz as trainee. 
 
Materials and Equipment17 
 
As the operations of the conservation team expanded greatly during last season, new materials and 
equipment were needed so an important amount of time was dedicated to finding local suppliers and 
procurement.   
 
Most of the materials and hand tools were purchased locally in the nearby town of Polatlı.  More 
specialized items such as stainless steel (bars, bolts, washers, and turnbuckles), epoxy resins and 
geofabrics were purchased in Ankara.  Mechanical tools—a saw, a driller and a compressor—as 
well as a diesel generator to provide electrical power on site were also purchased in Ankara.  
Stainless steel cables, Fiberglass bars and some conservation tools were brought from Italy.   
 
Materials already stored on site were also used during the field season.  Hydraulic lime—Lafarge 
HHL purchased by Mark Goodman— and brick powder—purchased in a nearby brick factory— 
were still in good conditions and suitable for the preparation of mortars and grouts.  New stone blocks 
remaining from masonry works in TB4 and stored inside the Citadel since the late 1990s were used 


                                                 
15 Three local masons were also part of the crew however, they were responsible for masonry works in the visitor circuit 
so did not carry out any works at the Terrace Building. 


 
16 Fikret also worked as site-guard after the normal working hours on site. 
17 A compilation of contacts and businesses that were used in procuring the necessary materials and equipments for the 
Terrace Building is included in the Appendix section of the report. 
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in new stone replacement.  Wood planks and scaffolding parts removed from the gate were used in 
shoring and building ramps to facilitate the transportation of materials to the area of intervention.  
 
 


Two trainees, Soner Atiktı (left) and Nahit Yilmaz (right) during works. 
 
 


 
 


Some members of the Site Conservation Team with Halil Bey (Turkish Government Site Representative). 
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Site Organization 
 
The first task of site organization was to find proper storage of materials inside the Citadel.  Thus, 
one unit of the existing depot located on the southwest edge of the Citadel was cleaned and 
organized as storeroom for conservation tools, equipment and materials.  The area immediately 
surrounding the depot was cleared and used as storage space for sand and other masonry materials.  
In addition, gravels and new stone blocks remaining from past interventions and scattered on site, 
were organized and stored in this area.  The organization of site storage also required the 
appointment of a guard after working hours and during the nights .  After the conclusion of the field 
season, all equipment and tools were transported and stored in the Dig House (Kazi Evi). 
 
As in past seasons, transportation to the Citadel was organized with Fikret’s tractor.  The project car 
was used daily for the transportation of materials and small equipment from the Dig House to the 
Citadel.  Water on site was provided by a large container transported by tractor.  
 
 


 
 


Fikret, team members and Fikret’s tractor. 
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4. CONCLUSIONS AND RECOMMENDATIONS 
 
The Terrace Building Complex, considered a major feature of the Phrygian Royal economy at 
Gordion in Iron Age Anatolia and extensively conserved and stabilized since its time of excavation, 
was the second main focus of the 2009 field program.  Two walls from Terrace Building 2 were 
selected as pilot area for conservation, stabilization and ruin presentation during the 2009 field season.    
 
A series of conservation treatments— stone replacement, epoxy injection and stone re-attachment, 
grouting, pinning and structural retro-fitting of splayed walls—were implemented in the 2009 pilot 
treatment program established for the conservation and display of ruins.  These treatments require 
evaluation prior to the creation of a complete stabilization plan for the Terrace Building Complex; 
the assessment should determine if the materials and intervention implemented during 2009 are 
suitable for application on the remaining untreated walls.  The results of the evaluation shall inform 
further design and treatment programs scheduled for the 2010 season.   
 
The following recommendations for the 2010 field season are based on the high priority needs 
identified in the 2007 Five-Year Site Conservation Program for Gordion.  Focus should remain on 
the conservation treatment program of archaeological fabric in TB2 and other units of the Terrace 
Building Complex.   
 
Condition Assessment of wall sections.  A condition assessment of the pilot wall sections after 
conservation and exposure to the environment for one year is of great importance to help continuing 
the implementation of the conservation program within the Terrace Building in the future. 
 
Evaluation of the conservation treatment program carried out in TB2 in the summer of 2009.  
Emphasis should be given to the assessment of epoxy resins used in injection and stone 
reattachment and the retrofitting system installed in the core of the wall (TB2-5). 


 
- Structural Retro- fitting.  The trial area of structural retrofitting should be uncovered and 


carefully inspected during the coming field season.  A detailed evaluation of the system and the 
wall conditions after one year of installation is extremely important to determine future 
applications.  Evaluation should also serve to determine the need for design changes in order to 
make this system suitable for other sections of walls.  Long term, it is hoped that this solution 
of wall retrofitting is applied to the wall remains of the Citadel showing outward splay thus 
replacing the existing short-term solution of wall stabilization applied by Mark Goodman in 
1996-2000. 
 


- Epoxy Trea tments:  Treatment with epoxy resins carried out last season have allowed the 
salvage and consolidation of several blocks in a severe state of deterioration thus greatly 
contributing to the retention of original stonework.  However, it is very important to evaluate 
the performance of epoxy treatments, especially after the winter months, in order to determine 
application of this material in future seasons.  Important requisites to take into consideration in 
the organization of epoxy treatments in the future are: allocation of time, site organization and 
training of local personnel.  


 
Assess the wall capping systems installed in TB2.   As for other masonry interventions carried out 
last summer, it is necessary to inspect the performance of the soft and hard capping systems 
installed last season.  The results of site testing will probably give useful information regarding the 
performance of materials, perennial vegetation and design, which will help select the most 
appropriate capping system for future applications on wall remains.  As per the results of the 
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assessment, the most suitable capping system should be applied in the walls of the Terrace Building 
Complex next year. 
 
Source of new stone.  Finding a reliable quarry for the procurement of new stone blocks in the 
vicinity of Gordion is a very important task for 2010.  Thus, a reliable source of compatible stone 
will guarantee the continuation of new stone replacement in the Terrace Building and in the rest of 
the Citadel in the future.   
 
Personnel and Training.  In order to ensure the longevity and efficacy of the conservation 
treatment program at Gordion, local workers from the village and immediate area have been hired 
and trained to perform the specialized work required to treat the archaeological fabric.  The 
program’s sustainability relies on the retention of these workers during the next few seasons and 
their continued involvement following completion of the Five-Year Site Conservation Plan.  In 
addition, future intervention should continue providing site training opportunities to young 
conservation professionals and conservation students, both Turkish and international. 
 
 
Elisa Del Bono and Angelo Lanza 
Conservation Consultants 
 
Date: November 14, 2009 
 
 


 
 


Fields surrounding the Gordion Citadel. 
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APPENDIX 1: ARCHITECTURAL DESCRIPTION18 
 
Terrace Building Complex 


 
The majority of the Terrace Building (TB) Complex has been well excavated and documented to 
provide a thorough understanding of the structures’ construction, materials, and functions.  
Excavations started at the TB Complex in 1956 under Rodney Young, continued until the early 
1970s, and resumed under Mary Voigt in 1986.  The entire site was excavated except for three 
anterooms. 
 
Publications pertaining to the excavations of the Terrace Building Complex and/or that provide 
architectural descriptions include the American Journal of Ar chaeology, Gordion Field Notebooks, 
and more recent publications from The Archaeology of Midas and th e Phrygians - Recent W ork at 
Gordion in particular Brendan Burke’s “Textile production at Go rdion and the Phrygian 
Economy”.   
 
The Terrace Building Complex was constructed on a raised terrace approximately 1 meter high 
behind Megara 1-4.  The complex consists of eight rooms or workshop units (Terrace Building or 
TB 1-8) that are connected linearly with a shared side party wall between each unit (except for the 
outer walls of the two end buildings) and with a common rear wall.  Each unit is identical in plan, 
proportions and orientation.  Each megaron-type unit measures approximately 11.50 meters in 
width and 13.00 meters in length and has a southwest-northwest orientation.  The total length of the 
TB Complex measures about 105 meters from north to south.  On the west side of the Terrace 
Building Complex, there is a shallow anteroom joined to each unit, approximately 7 meters deep, 
totaling the length measurement east to west for each unit to about 20 meters. 
 
At the time of excavations from 1956 to 1968, the height of the masonry walls was roughly 
calculated from the remaining architectural elements.  The wall included: three sets of four stone 
courses, each about 80 centimeters high, separated by two timber courses, each about 20 
centimeters thick and backed by rubble, bringing the walls to about 2.80 meters high. 
 
The walls were built with stone ashlar veneers , mostly consisting of sandstone and limestone, and 
rubble fill.  Above this wall section there was most likely a leveling course of timbers on which 
rested a superstructure of sun-dried mud brick.  It is probable that the inside level of the wooden 
galleries started at the change in the wall’s construction from masonry to mud brick and 
surrounded the rooms on three sides. 
 
Details from the complex’s construction indicate that the Terrace Building Complex was planned 
and built all at once as an important public building and center used for weaving and cooking.  The 
building as a whole provides evidence of a well developed “centrally organized textile industry ... a 
major feature of the Phrygian Royal economy at Gordion and an important resource for the 
Phrygian elite during the Early Iron Age (c. 9th century)”.19 
 


                                                 
18 The contents of this Appendix have been extracted from:  
Stokely, Sarah Cleary and Evin Erder.  2006.  “Gordion 2006: Field Report for Terrace Building 2.”  Field report 
submitted to the University of Pennsylvania, Department of Historic Preservation.  They derived from B. Burke, 
“Textile production at Gordion and the Phrygian Economy,” In The Archaeology of Midas and the Phrygians - Recent 
Work at Gordion, ed. Lisa Kealhofer.  Philadelphia: The University of Pennsylvania Museum of Archaeology and 
Anthropology, 2005, pp. 69-81; The Gordion Campaign of 1959: preliminary report by Rodney Young (AJA, 64, 240-
243) and The Gordion Campaign of 1967 by Rodney Young (AJA, 72, 238-239) and Gordion Notebook, 100, 
McLaughlin, Greenewalt-NB 100 (1961/1962) p. 59. 
19 B. Burke, 69. 
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Revealed during excavations, the main units and the eastern series of units (also referred to as the 
anterooms) had at their east end a grinding-stand for flour making with multiple sets of grindstones.  
The found artifacts also indicate that the production of bread, including grinding, kneading, and 
baking process, occurred in the TB complex.  The anterooms, with a single stepped entrance, often 
had cooking installations.  Each unit also contained vast numbers of pottery vessels used for the 
storage of liquids and other kinds of cooking.  In addition, a large number of artifacts including 
unbaked clay loom weights, spindle whorls, and other textile equipment excavated in the TB units 
indicate that the units were used for textile production. 
 
Terrace Building 2 (TB2) 
 
Terrace Building 2 (TB2) is the second room in the linear sequence of the rooms forming the 
Terrace Building Complex, starting from the south end.  The east wall measures 11.50 meters from 
corner to corner, the north wall measures 13.00 meters, the west wall (including doorway) measures 
11.50 meters, and the south wall measures 13.10 meters.  The unit’s walls measure 1.30 meters 
thick and, as discussed previously in the Architectural Description, the walls were built with stone 
ashlar veneer and rubble fill, mostly consisting of sandstone and limestone.  In most places, the walls 
have split down the middle and the faces lean out in either direction. They were bedded on wooden 
beams at or just below floor level. Their uniform height is due to the presence of horizontal timbers 
laid in the wall faces at that height. 
 
The main room was entered through the anteroom and wide doorways located on the west side.  The 
wall ends beside the doorways show beds in which the wooden jambs framing the doors once stood.  
The main room had four oblong post-holes in the floor along the north and south sides and a single 
post-hole at the center of the east side. 
 
The dimensions of the holes suggest wooden posts measured about 12 by 20 centimeters on a side.  
The corner post was larger and L-shaped and the central eastern post was larger than the side posts.  
These freestanding posts were paired with another set standing immediately in front of the wall-
face.  These posts may have been pegged to the horizontal timbers in the wall faces. 
 
The interior of the main room had a wooden gallery running around three sides (north, east, and 
south walls) partly supported on posts independent of the building construction and in part against 
the posts which helped support the roof.  A hearth, found near the center of TB2, was independent 
of the wooden galleries.  Most likely there was an outlet in the roof for the hearth.  The roof may 
have been constructed of heavy timbers covered by reeds and an outer layer of clay.  Most probably 
the roof was flat with a gentle slope towards the east end and a central opening/outlet for the hearth 
covered by a louver.  The only source of light for the room would have been through windows in 
the east wall supplemented with the central opening in the roof. 
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APPENDIX 2: CONSERVATION HISTORY (1955-2008)20 
 


Previous Interventions for Terrace Building Complex 
 
The Terrace Building Complex has been extensively conserved and stabilized, in comparison to 
other structures on the Citadel Mound, since its time of excavation due to the instability and 
splaying of its walls that resulted from the massive destruction done by the fire in the Early 
Phrygian Period dated to 800 BC (M. Voigt 2005, p. 27).21  In the late 1980s and 1990s several 
interventions were carried out to stabilize the Terrace Building and protect its walls from further 
deterioration.  A summary of the interventions carried out to date are provided below, specifying 
the entire TB Complex or just TB2:22 
 
- 1955-1968:  During the excavations of the Terrace Building Complex, the walls were found to 


be unstable.  Therefore, conspicuous voids created by the destruction of the timber 
stringcourses were packed with loose rubble.  Rubble and fallen ashlars were also stacked 
against the splayed walls to provide support.  These measures, while not systematically applied, 
provided some degree of protection.  In time, many of these buttresses collapsed and eroded 
away. 


 
- 1989, 1996:  A temporary cap was applied for protection of the relatively well preserved walls 


of TB1 and TB2.  These caps consisted of earth-covered nylon sheeting held in place by small 
stones; a preventive measure that provided protection against freeze-thaw damage and held up 
surprisingly well.  This capping was also intended to mimic the appearance of the walls as they 
were freshly excavated.  It was decided that this type of capping would be applied to the rest of 
the site due to its effectiveness, low cost and visual compatibility.  It was also decided that a 
similar technique could be applied to other significant site features such as site paving for their 
protection during the winter months and “seasonal exhibition.” 


 
- 1993:  A plan for the reconstruction and interpretative presentation of one terrace building unit, 


TB4, was developed and implemented.  This plan involved the documentation, disassembling, 
and reconstruction of the masonry walls, installation of protective concrete capping on 
reconstructed walls, and the development of an interpretive program for presenting the interior 
features of the building.  The scope of work completed in 1993 included: (1) trial and selection 
of materials and restorative techniques, and (2) restoration of the western cross-wall and 
attached section of the antechamber. 


 
- 1994:  Reconstruction work continued in TB4.  Unstable masonry of the south wall was 


disassembled, reconstructed, and capped with concrete. In addition, many freshly quarried 


                                                 
20 The contents of this Appendix have been extracted from:  
Stokely, Sarah Cleary and Evin Erder.  2006.  “Gordion 2006: Field Report for Terrace Building 2.”  Field report 
submitted to the University of Pennsylvania, Department of Historic Preservation;  
Wong, Kelly H. and Sarah Stokely Cleary.  2007.  “Summer 2007: Gordion Excavation Project.” Site field report 
submitted to the University of Pennsylvania, Department of Historic Preservation; 
Stokely, Sarah Cleary.  2008.  “Gordion 2008: Field Report for Terrace Building 2.”  Field report submitted to the 
University of Pennsylvania, Department of Historic Preservation. 
21 M. Voigt, “Old Problems and New Solutions: Recent Excavations at Gordion,” in Lisa Kealhofer, ed., The 
Archaeology of Midas and the Phrygians.  Philadelphia: The University Museum, University of Pennsylvania.  2005.  
P.27. 
22This summary of previous interventions is based on M. Goodman’s report.  “Architectural Conservation at Gordion: 
Summer 1999.” Unpublished field notes.  Philadelphia: The University of Pennsylvania Museum of Archaeology and 
Anthropology.  1999.  pp 9-10.  
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stones used in the reconstruction work in 1993 were found to be deteriorating rapidly, and 
therefore they were removed, replaced, and recapped (the western cross-wall and antechamber). 


 
- 1998:  Unstable portions of the east and west partition walls of TB4 were disassembled and 


reconstructed following the procedures established in 1993.  During disassembling of the east 
wall, a central section containing significant portions of original plaster was found to be 
relatively stable.  This section, unstable structurally due to its original splay, was retained in 
situ and bonded into the reconstructed wall using tensile reinforcement. 


 
After evaluation of the aesthetic impact of concrete capping, it was decided to experiment with 
a new technique of “raised core capping.”  This technique involved the setting of core masonry 
over the top level of the wall with stones positioned to provide drainage through open joints of 
the top veneer course.  The east partition wall was finished with raised core capping, while the  
west wall, containing plaster in situ, was capped with mud isolated concrete.  In addition, 
chalky limestone ashlars quarried in 1993 were laid over the central portion of the west wall.  
These stones were bedded in lime mortar amended with pozzolanic additive—crushed, low-
fired ceramic obtained from a local brick factory used in making horasan.23  The mortar was 
also mixed with a small percentage of grass ash to improve water retention of the mortar during 
the hot summer season.24  The introduction of raised core capping and mortar with brick dust 
and grass ash was limited to allow for careful evaluation of this new technique. 


 
- 1999:  Work continued in TB4.  The removal of the concrete capping from the western cross-


wall, partially reconstructed in 1993, revealed structural problems within the wall.  It was 
therefore decided to disassemble and reconstruct the western cross-wall according to its original 
configuration.  The exposed portion of the west wall of the anteroom was also cleaned, 
consolidated and core capped.  The eastern cross-wall was buttressed with loose rubble and 
work deferred until the following season.   


 
The raised core capping applied in 1998 had passed the winter with minimal damage.   
It was decided to remove all the cement caps in TB-4 and replace them with raised core 
capping.  This capping allowed the walls to be raised to post-excavation height and highlighted 
the masonry walls and construction technique.   
The horasan mortar had also performed well, allowing for the elimination of white 
Portland cement (WPC) from the reconstruction mortar.  Hydrated lime (HL) was mixed with 
water, soaked for ten days and used as lime putty.  The lime mortar was mixed in a rotary mixer 
adding gradually the sand, lime, crushed ceramic, and grass ash.   
The reconstruction technique for TB4 was also refined.  After documentation, the masonry was 
disassembled course-by-course, salvageable stones labeled according to their original position 
within the wall, and unsalvageable stones characterized and replaced with similar stone.  
Temporary mud coating was applied to the wall face before laying each course in order to 
facilitate the removal of mortar stains.   
The mortar bed was recessed approximately 4 cm. to spread under the weight of the laid 
courses to 1-2 cm. of the wall face.  After the mortar stiffened to thumbnail consistency in a day 
or so, the joints were compacted and scraped to expose the aggregate and provide a weathered 
appearance.  The color of the mortar was similar to but could be distinguished from the original 
earthen mortar. 
In addition to working on TB4, conservation efforts were expanded towards protecting 
additional sections of the Terrace Building as a whole.  These activities included: 
(1)  Unstable walls in TB1, TB2 and TB8 were buttressed with burlap sandbags. 


                                                 
23 Horasan is a term used in Turkish for mortars and plasters containing ceramic or brick dust. 
24 The grass ash was obtained by burning site vegetation cleared annually.   
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(2)  The southwest section of the Terrace Gate Building, constructed of exposed mud-brick, 
was backfilled with geotextile and sand, and encased in a supportive sandbag wall. 
(3)  The upper courses of TB1 and the south wall of the Terrace Gate Building, including the 
backfilled mud-brick wall, were covered with protective nylon caps similar to those installed in 
1989, but bedded and covered with sand. 
Burlap sandbags were used to complete the stabilization of the Terrace Building Complex as a 
temporary measure.  Sand was first placed against the bases of the walls, sandbags built up 
against the face of the walls, and covered with geotextile coated with a clay and acrylic 
emulsion slurry.   
The technique of earth/polyethylene capping applied in 1989 was used to cap all the exposed 
walls using local clay deposits, and any sand used previously for capping replaced with earth.  
The caps were also anchored with different colored stones to reflect the stone colors of the 
walls below. 


 
- 2006-2008:  During the field season of 2006, the south wall of TB2 was selected as the pilot 


area for testing and monitoring alternative materials and methods for reburial and “soft-wall 
capping”.  Data loggers were installed in three separate sections of the TB2 south wall.  Each 
section had a different type of wall covering, wall capping, and planted perennial vegetation on 
its cap and/or slope.  Data loggers were installed in the slope and wall capping of each section 
to measure temperature/relative humidity and moisture four times a day at six-hour intervals for 
one year.25   
The three main areas with data loggers were identified as followed: 
Section I (southeast corner of the wall) 
Section II (central area of the wall) 
Section III (south-west corner of the wall) 
Each section had a different wall covering and plantings on its slope and its wall as follows: 
Section I:   Wall covering : white felt geotextile fabric (purchased locally); Wall capping : 
continuous rubble/stone covering; Slope: soil/sand mixture, no plantings. 
Section II:  Wall covering: grey Typar geotextile fabric; Wall capping: Poa seed mix and Poa 
mud-balls; Slope: soil/sand mixture at 45 degree angle, Taeniatherum seeds and Perennial mud-
ball mix on the flat area in front of slope. 
Section III:   Wall covering: no covering; Wall capping : Polyethylene, transplanted clumps of 
Poa bulbosa and seeds; Slope: soil/sand mixture at 45 degree angle, transplanted clumps of Poa 
bulbosa and seeds. 
 
In addition, masonry pointing with lime-based mortar was carried out on the east wall in TB1 
and the north wall in TB2. 
In 2007, the data loggers were retrieved from TB2 and the data was downloaded.  Due to the 
drought conditions during 2007, it was decided to reinstall the data loggers and continue 
collecting data for an additional year.  Additional seeds and mud-balls were planted on the 
slopes (Section II) and wall capping (Section II) in order to insure plant growth would occur. 
In 2008, the data loggers were retrieved and all the slopes were removed from the three sections 
in order to conduct a thorough condition survey. The data was downloaded from the loggers to 
be studied and to help provide general recommendations. 


 
 
 


                                                 
25 Stokely and Erder,  2006.  Pp. 17-26. 
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APPENDIX 3: PROCEDURES OF MASONRY INTERVENTIONS (SUMMER 2009) 
 
Stone Replacement 
 
- Preliminary works.   The area of replacement was temporary shored.  All debris and soil was 


manually removed with the help of trowels and compressed air.  In the case of total 
replacement, remaining portions of eroded stone found inside the area of loss were carefully 
removed with chisels and hammers.  By removing all deteriorated stone it was possible to make 
enough space for the new stone block.  However, total removal of original sound stone portions 
embedded deep in the wall was avoided.  On the other hand, in the case of partial replacement 
(facing stone or “Dutchman ”), all the deteriorated exterior surface of the stone block 
presenting loss was carefully removed with chisels and hammers.  This procedure was carried 
out to attach the facing new block to sound stone and guarantee proper bonding of the new 
masonry to the existing original. 
 


- Sizing and tooling of new blocks.   The source of new stone used for all stone replacement 
carried out during the last field season was a batch of new sandstone blocks stored on site.  
These blocks were the remains of new stone used in masonry works carried out in TB4.  
Replacement blocks were manually cut as per the measurements of the missing or eroded 
originals to be replaced.  Unfortunately, this rule was not applied in the replacement of a 95 
centimeter-long original block due to unavailability of long new stone blocks on site.  Instead, 
two new blocks were used for the replacement of this single original.  The existing tooling of 
the new blocks used in stone replacement was retained and chosen as the final tooling for new 
replacement.  Where missing, new tooling was carried out with a pointed chisel in order to give 
visual uniformity to the surface of the new block.   
 


- Placement of new blocks in the wall.   Prior to applying the mortar, all new blocks were placed 
on the wall using wood wedges.  This procedure helped rectify the height of the new blocks as 
per the original stone coursing and also adjust the depth of the area of replacement in order to 
position the new blocks flushed or slightly projected from the original masonry.  A lime mortar 
was prepared by mixing hydraulic lime, masonry sand and brick powder at a ratio of  1:2.5:0.5 
by volume respectively.  Compressed air helped removed any loose debris prior to pre-wetting 
the wall area.  The new stone blocks were also pre-wetted with water.  Mortar was applied with 
a trowel around and behind the new block.  In some cases, it was necessary to inject the same 
mortar as slurry behind the new blocks.  Hand injection was carried out using a funnel 
connected to a plastic hose.  All excess mortar was removed off the stone surface before setting.  
All the stone joints in the area of replacement were finished pointed with the same mortar mix.    
 


- Finishes.  After setting of the mortar, an artificial patina was applied to the stone surface of new 
blocks in order to help with the visual reintegration of the new to the original masonry.  The 
patina was made by mixing clay obtained from the site with water and brushing it on the stone 
surface.26   


 
Structural retrofitting of splayed walls 
 
- Partial removal of core.   The masonry face along both sides of the wall was properly shored.  


The wall rubble core from the two upper stone courses along the area of intervention was 
removed and stored on site.  This was necessary to expose the wall courses from the interior of 
the wall and select the stones blocks that will be pinned.  The quantity of material from the wall 


                                                 
26 A similar procedure was applied by Mark Goodman during grouting of the Citadel Gate. 
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core that needed to be temporarily removed depended on the depth of installation of the 
retrofitting system.27   
 


- Drilling and insertion of rods.   An inspection of the exposed cavity inside the wall was 
necessary to determine which blocks could be drilled and establish a pattern for the rods.  It was 
very important to choose blocks in good condition without the presence of cracking or 
delamination.  Also, the area of drilling within a block was kept away from the borders of the 
block (at a minimum distance of 10 centimeters from the perimeter).  Drilling was carried out 
with a mechanical driller using a 12-millimeter diameter drill bit and the depth of drilling was 
about 40 centimeters from the upper face of the stone block.  Depending on the condition, 
drilling was carried out through two blocks (upper and lower courses) or through a block and 
core material underneath.  Once all drilling was completed, all debris left inside the drilled 
holes was flushed out with compressed air.  The drilled holes should be completely cleaned 
before the insertion of the rods.  A 10-millimeter diameter stainless steel threaded rod was 
inserted in each drilled hole until the tip of the rod reached the bottom.  The final total length of 
the rod was estimated taking into account the length of the rod inside the drilled cavity plus 10 
centimeters-portion above the face of the stone, which was needed for installing the cable 
connections.  Afterwards, cutting of each rod was carried out with a mechanical saw.  A grout 
of hydraulic lime (HHL) and water containing 10 percent of an acrylic emulsion was prepared 
on site and poured in each drilled hole.  Immediately after, the stainless steel rods were inserted 
in their drilled holes. 
 


- Cable installation.  After setting of the grout, the original core material of the lower (second) 
course was reinstalled inside the cavity of wall.  Afterwards, a stainless steel cable of 4 
millimeters in diameter28 was placed (laced) in between the rods forming a zigzag pattern.  This 
operation served to estimate the final length of the cable before cutting took place.  A set of two 
stainless steel bolts and two washers were inserted in each rod to help keep the cable in its place 
and restrain movement.  Once the cable was cut and placed in position, a turnbuckle was 
inserted to each end of the cable and then each turnbuckle was connected to a rod.  Installation 
was completed by tightening the cable using the turnbuckles at each end of the cable.   
 


- Setting back in place removed core material.   Once the cable system was in place and properly 
tightening, all original core material removed prior to installation was set back in place inside 
the wall cavity.  First, original rubble stones were placed inside the lower half of the core cavity 
and then the interspaces in between were filled with the original debris.  This operation was 
carried out with extreme care in order to avoid the displacement of the cable.  The same 
procedure was carried out for filling the upper half (upper 20 centimeters) of the cavity, with 
the exception that the original debris was pre-mixed in dry with hydraulic lime in a proportion 
of 5 parts of core material to 1 part of HHL.  The addition of lime to the core material was done 
to help inhibit plant growth inside the core.   
 


- Temporary capping.  In order to allow for future inspection of the wall core during next season, 
the top of the wall (TB2-5) was temporary capped with geofabric, clay, sand and rubble 
stones.29  This temporary capping will be removed during next season in order to extend the 
cable system to nearby sections of the wall in need of structural retrofitting and it will hopefully 
be replaced by a final system of wall capping.  


 
 


                                                 
27 In the case of TB2-5 it was necessary to remove the core from the first two upper stone courses. 
28 Purchased in a sailing store in the city of Taranto (Italy). 
29 Same capping system used by Mark Goodman. 
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Injection and reattachment 
 
Grout injection 
 
- Pre-cleaning.  All cracks and voids were carefully cleaned and debris and soil flushed


with the help of compressed air and scalpels.  This procedure is very important to open the 
cracks and enhance the adhesion of the grout to the masonry.  Afterwards, water was injected 
inside the crack/cavity in order to complete flushing out debris and to pre-wet the stone surface. 
 


- Sealing.  Before injection of the grout, cotton was used to temporary seal a cavity or crack 
within the stone so to avoid any grout dripping out and staining the masonry surface.  Plastic 
tubes were inserted in different points along the crack in order to help the grout to reach the 
bottom of the cavity.   
 


- Grout preparation.   Prior to mixing, all materials were thoroughly sieved passing a #100 
sieve.30  Once sieved the dry materials were mixed inside a bowl as per the following parts by 
volume: 1 hydraulic lime (Lafarge, available on site): 2 sieved sand: 0.5 brick dust.  A 10% 
solution of acrylic emulsion in water was added to the dry mix until a consistency suitable for 
injection was achieved.  Mixing was carried out with an electric kitchen mixer for about 5 
minutes.   
 


- Application.  Injection was carried out manually (low-pressure) with large syringes and metal 
needles.  The mixture was injected directly in the cavity or through the plastic tubes placed 
along the crack.  In presence of large cavities or deep cracks, injection should be carried out a 
bit at a time with intervals of no injection in order to avoid excessive shrinkage (that could 
happen if a large quantity of grout is injected at once).  
 


- Cleaning and finishes.   After the grout was set, all cotton was removed from the cracks and 
water was used to clean off any grout drippings from the stone surface.  A lime-based mortar 
infill was applied on top of all grouted areas in order to protect the grout and help reintegrate 
the stone surface.  Also, mortar infills help reduce and stabilize gaps in the masonry.  The stone 
infill mortar was prepared with 3 parts of sieved sand and 1 part of hydraulic lime (parts by 
volume).  Sometimes, a small quantity of grass ash was added to the mix to help matching the 
color of the stone.  Water was sprayed to pre-wet the masonry and the mortar was applied and 
pressed along the crack with the help of a spatula.  All mortar infills were kept slightly recessed 
from the stone surface and were stippled textured by brush and sponge.  To avoid rapid drying 
of the mortar, the areas of infill were temporarily covered by water soaked geofabric.   


 
Epoxy injection and re-attachment 
 
- Pre-cleaning.  Before the application of the epoxy, the stone surface was cleaned thoroughly to 


maximize the interfacial contact of masonry to resin.  Compressed air and brushes (toothbrush 
and a stainless steel types) were used in this operation.  Afterwards, cotton soaked in pure 
acetone was used to remove all loose dust still present on the stone surface so to enhance 
adhesion.   
 


- Sealing.  Before injection, play dough (Plastilina) was used to temporary seal a cavity or crack 
within the stone so to avoid any resin dripping out and staining the masonry surface.  Play 
dough was well-pressed along the exterior side of the fracture and in all openings/holes found 


                                                 
30 ASTM Standards. 


 


67







 


on the stone surface.  This material was also used to build up and form a “pouring hole” around 
the area where injection of the resin took place.   
 


- Preparation of the resin .  Sikadur-31:  In accordance to the material’s technical data sheet of 
the epoxy, it was prepared by mixing component A and B at a ratio of 3:1 by volume.  Mixing 
was carried out thoroughly by hand for at least 3 minutes, until the material become smooth in 
consistency and a uniform grey color.  The quantity of epoxy mixed each time was according to 
the quantity that could be used within the potlife of the epoxy.  Sikadur-52 Injection Type N : 
This epoxy was prepared by mixing both components A and B at a ratio of 2 to 1 by volume 
(see technical data sheet in the Appendix section of the report).  Mixing was carried out by 
hand for at least 3 minutes avoiding entraining air in the mixture.  Once both components were 
mixed well, calcium carbonate was added and mixed thoroughly until reaching the desired 
consistency of application.  It is difficult to precise the exact proportion of resin and calcium 
carbonate because this depends on the type of each application (for injection, for pinning or at 
different consistencies to be applied like a paste epoxy).   
 


- Application.  As a paste, the epoxy was applied with a spatula on a clean and dry stone surface.  
In order to guarantee a proper bonding, the epoxy was applied to both fragments (both sides of 
the fracture).  To avoid an overflow of epoxy through the fracture, an area of approximately 1 
centimeter was left to separate the epoxy and the border of the fragment.  Then the two 
fragments were re-attached by pressing well one against the other.  Metal clamps of different 
sizes were generally used to block both fragments in place during the setting of the epoxy.  For 
injection, plastic syringes and metal needles were used to introduce the epoxy inside cracks and 
cavities in the stone until reaching approximately 0.5cm-1cm from the edge.  When injecting 
deep cracks or cavities, plastic tubes were attached to the syringe to help carry the resin to the 
bottom of the cavity.  Immediately after injection or re-attachment, cotton soaked in pure 
acetone was used to clean off any epoxy dripping from the stone surface before the setting of 
the epoxy.  
 


- Pinning.  Epoxy injection and reattachment was usually complemented by the insertion of 
stainless steel filleted rods31 or Fiberglas32 rods in order to provide reinforcement.  This was 
especially carried out in cases of large stone fragments.  The bars used were of different 
thickness (most used diameters were 4mm, 6mm and 8mm) and cut in different lengths as per 
the requirements of the repairs.  The insertion of bars was carried out by means of holes opened 
in the stone using hand mechanical drillers and bits of different sections.  In general, drilling 
was carried out diagonally into the stone instead than straight forward.  This helped improve 
the anchoring system between the bars and the stone fragments.  The bars were first inserted in 
dry in order to rectify their lengths.  In order to avoid the tip of a bar sticking out from the stone 
surface, all bars inserted in the masonry were cut shorter in length than the length of the hole 
drilled in the stone (a recess of approximately 3 to 5 centimeters inside the drilled opening was 
generally applied).  Once the length of the bar was rectified, epoxy mixed with calcium 
carbonate was applied to the bar before insertion so to guarantee good bonding to masonry.  All 
bars were inserted by hand and applying a rotary movement while pushing the bar toward the 
interior of the stone.  
 


- Cleaning and finishes.   After the complete setting of the epoxy, all play dough was removed 
with scalpels and brushes.  Any epoxy stain formed on the stone surface was carefully removed 
with pure acetone and scalpels.  Next year, the same mortar infill mixture used in grout 
injection, will be applied to protect and reintegrate the loss along a fracture and to close all 


                                                 
31 Purchased in Ankara. 
32 Purchased in Italy (CPRome). 
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areas where epoxy was injected or applied.  Unfortunately, this operation was not completed 
this season due to the lack of time so it should be completed next season.  Recommendations: 
final mortar infills should be reformulated to match the different colors and textures of the 
cleaned dry stonework.  The use of various shades of sands, stone powders and natural 
pigments will probably be required in the future.   


 
Masonry Pointing 
 
- Pre-cleaning.  Soil debris and dust was carefully removed from the stone joints using trowels, 


brushes and compressed air.  Loose chinking stones still inside masonry joints were removed 
and saved on site.    
 


- Mortar preparation.   Lime-based mortar : masonry sand, brick powder and hydraulic lime33 
were mixed in dry (at a ratio of 2.5: 0.5:1 parts by volume) inside a wheelbarrow.  No sieving 
of materials was required before mixing.  Water was added gradually and mixing was carried 
out by hand until reaching the right consistency of the mortar.  Soil-based mortar:  clay was 
obtained from the site and sieved in order to remove clumps and stones.  Sieved clay was mixed 
in dry with masonry sand and brick powder (at a ratio of 3:2:1 parts by volume).  Then, water 
mixed with 10% of acrylic emulsion was added slowly to the dry mixed until achieving the 
right consistency for application. 
 


- Application:  All the area of repointing was pre-wetted with water and the mortar was pressed 
inside the joints with trowels and spatulas.  Original and new chinking stones were inserted 
inside large openings in the masonry.  Before total setting, the excess mortar was scored with 
spatulas until reaching a level nearly recessed or flush with the wall face.  All mortar stains and 
excessive mortar were removed with the help of brushes.  During extreme heat, the pointed 
areas of masonry were covered by water-soaked fabric (burlap or geofabric) in order to reduce 
the speed of drying and decrease the risk of excessive shrinking and cracking.   


 
Wall capping 
 
The wall portion of TB2-1 under intervention was divided in three sections for the application of 
three capping system tests: A, B, C.  Installation of each capping system in each section was carried 
out as follows: 
 
- Capping system A.  Core material removed from the upper stone course before intervention was 


mixed in dried with hydraulic lime (at a ratio of 5:1 parts of volume respectively) and the lower 
half of the core cavity was filled with this mixture.  A geofabric was placed directly on top of 
the core and a layer of sieved clay was placed on top until filling completely the core cavity of 
the upper stone course.  Then, two parallel rows of mud-bricks set in soil mortar were built on 
top of each stone veneers of the wall (exterior and interior).  A third and fourth row of mud-
bricks were built perpendicularly at the edges of the previous two rows in order to enclose and 
empty space in the middle of the four mud-brick rows (forming like a container or planter 
delimited by mud-brick single-course rows).  A layer of Typar34 was placed top of the empty 
space delimited by the mud-brick rows, which was then filled to the edge of the bricks with 
soil, small gravel, poa sods and Androsace Maxima seeds.  Finally, water was sprayed over the 
soil and plants (two to three applications).  
 


                                                 
33 Lafarge, imported from France and purchased by Mark Goodman. 
34 Manufactured by DuPont and purchased in Ankara.  See technical data sheet of this material in the Appendix of the 
report. 
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- Capping system B.   Like for capping A, the lower half of the core cavity from the upper stone 
course of the wall was filled with original core material mixed with hydraulic lime.  
Immediately afterwards, original rubble core stones of different sizes were placed directly on 
top of the core.  Soil was then placed inside the empty spaces in between the core rubble stones 
and poa sods and Androsace Maxima seeds were placed on top of the soil and in between the 
stones.  Finally, water was sprayed on top of the soils and plants (two to three applications).   
 


- Capping system C.   Like for capping systems A and B, the lower half of the core cavity from 
the upper stone course of the wall was filled with original core material mixed with hydraulic 
lime.  Then, original rubble core stones of different sizes were placed directly on top of the core 
and set in a soil-based mortar (same soil mortar used in masonry repointing).  Before total 
setting, the excess mortar was scored with spatulas until reaching a level flush with the rubble 
stone.  All mortar stains and excessive mortar were removed with the help of brushes.  The top 
of the wall was covered with a water-soaked fabric (burlap or geofabric) until setting and 
drying of the mortar.  During drying, the area was sprayed with water several times.   
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APPENDIX 4: PHOTOGRAPHIC DOCUMENTATION OF EPOXY REPAIRS ON AN ORIGINAL STONE 
BLOCK FROM THE TOP ROW OF TB2-5 (TREATMENT CARRIED OUT AFTER TEMPORARY 


REMOVAL OF THE BLOCK FROM ITS POSITION ON THE WALL) 
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APPENDIX 5: SOME TECHNICAL INFORMATION ON SITE MANUFACTURE OF MUD-BRICKS35 
 
During the 2009 season, the Gordion architectural conservation team needed mud-bricks to shore up 
walls and build green roofs.  This necessity provided an opportunity to record the traditional process 
of making mud-brick.   
 
Two local residents of Yass höyük, Fikret Bekler and Soner Atikt , were commissioned to make 
about three hundred mud-bricks for the conservation team.  The first step of the process was to dig 
the soil for the bricks.  This was done at a field near the village were the soil is known to be of a 
suitable composition.  The soil was then mixed with straw, which is the secondary product of the 
wheat grown around the village of Yassihöyük.  Almost equal amounts of straw and soil were 
mixed with water.  According to the brick makers, adding a large percentage of straw prevents 
cracking during the drying process.  Fikret and Soner first mixed the soil and straw and created a 
pile with a depression in the middle, which they subsequently filled with water.  They then used 
their feet to stomp the mixture and they used shovels to add more of the straw/earth mixture into the 
water.  After stomping the mixture, they used a shovel to pile the mixed portion to the side.  After 
all the material had been mixed at least one time, they stomped it all again until a unified mixture 
was achieved.   
 
The mixture was left overnight to “yeast”, an analogy to bread making made by the brick-makers 
themselves.  They said that if the mixture did not rest overnight, it would slump during the shaping 
process when the mould was removed. 
 
After the mixture rested overnight, the mixture was supplemented with more water and remixed to 
achieve the right consistency.  Then, a wheelbarrow was lined with additional straw and a set 
amount of mixture piled in.  In the meantime, the mould that has been in Fikret’s family for many 
years was brought out.  This mould is a wooden frame with four openings for the bricks and two 
handles. The mould was washed with a wet rag and then the mud mixture was brought and poured 
into the form by Soner.   
 
Fikret kneaded the mud into the slots of the form to fill any voids.  Afterwards, the wet rag was 
again used to pour a small amount of water on top of the mould and the mud mixture.  With the help 
of a trowel, the tops of the bricks were smoothed.  Traditionally, this was a large wooden trowel.  
However, since Fikret misplaced the family trowel, a regular metal trowel was substituted for the 
wooden one.  Finally, the mould was lifted by its handles.  The mould was then moved to one side 
of the newly formed bricks in order to accept a new wheelbarrow full of the mud mixture.  Any 
excess amount of mixture was placed to the side to form the base of the next set of mud-bricks.  The 
dimensions of the bricks made by this mould are approximately 40 by 20 by 10 centimeters. 
 
The bricks were then left to dry in the sun.  After a few days, the bricks were turned onto their sides.  
The bricks were left to dry for a few more days and then turned again until drying was complete on 
all sides and then stacked until they were removed for use on site or long term storage.   
 


                                                 
35 The contents of this Appendix have been extracted from: Cobb, Elvan.  “Making Mud-brick at Yassihöyük”.  
Gordion 2009 Field Season.  Site Report submitted to the University of Pennsylvania, Department of Historic 
Preservation. 
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APPENDIX 6: SUPPLIERS AND CONTACTS36 
 
The following is a compilation of the contacts and businesses that were useful in procuring the 
necessary materials and equipment for works carried out in the Terrace Building.  As establishing 
these contacts took a good amount of time, it is hoped that the contacts could be utilized in the 
future to increase efficiency. 
 


Ahmet Balmumcu ve 
Ortağ  
 


0 312 310 6472 
Sanayi Caddesi, Nüzhet Atav İşhan  No 28-37 
Ulus, Ankara 
They have acetone and calcium carbonate.  In the same building, 
variety of medical supplies such as syringes, cotton, etc are sold.  


Bin Yapi 0 312 286 9395 
Binnur Akay Onat 
Sika Products, Water-Proofing materials, Cement additives, etc. 


Canyurt H rdavat 
İnşaat 


Merkez: Al nteri Bulvar  No:116 Ostim, Ankara  Tel: 0 312 386 
2959 – 0 312 386 29 60 
Şube: Rüzgarl  Caddesi, Katar Han, No: 20/34-35, Ulus, Ankara 
Tel: 0 312 312 40 14  
Where we bought the compressor, generator, driller and saw.  
They have a great variety of mechanical tools. 


Doğuş Sanayi 0 312 257 4343 
0 533 920 0885 (Ekinç Bey) 
They have supplied Tyvek and Typar for us.  We first contacted 
Kemal Bey at DuPont.   


DuPont Turkey 
Building Innovations 
 


Kemal Ozisikcilar  
Sales& MarketingManager 
Buyukdere Cad. No:122 Ozsezen Is Merkezi 
A Blok Kat:1-3, 34394,  
Esentepe Istanbul / Turkey 
t:+90 212 340 04 90 
f:+90 212 340 04 30 
m:+90 533 385 50 43 
kemal.ozisikcilar@tur.dupont.com 
www.tyvek.com.tr 
www.corian.com.tr 


Efe Paslanmaz Çelik 
Boru 


0 312 354 2225 
100. Y l Bulvar , No: 6 Ostim Ankara 
www.efecelikboru.com.tr 
Stainless steel materials. No rods.  


Elif Kitap K rtasiye 
 
 


0 312 623 3686 
Hasan Koç 
Cumhuriyet Mahallesi, Eti Caddesi  
No 14 D (Across from Vak f Bank) 
Polatl , Ankara 
This store has a variety of office supplies.  They have ordered 
white Plastilina (play dough) and caution tape for us. 


Güçlü Civata 0 312 385 5251 
Ostim, Ankara 
They have stainless steel rods. 
 


Güler Ticaret 
Sucu Niyazi 


0 312 623 1383 
Necatibey Caddesi No 43 


                                                 
36 The following information has been organized by Elvan Cobb. 
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Polatl  
Hardware store near Vak f Bank. 


HA&NE 
 


0 555 995 76 31 
Conservation supplies.  They will order and ship conservation 
supplies.  They do not have a store or samples at this point.  


İkmal Endüstriye Yap  
Market 


0 312 354 3005 
100. Y l Bulvar  56. Sokak No 57 Ostim Ankara 
Large construction materials market.  Stainless steel rods and 
other tools.  


İmel Ticaret 
 


0312 472 70 20 
Çetin Emeç Bulvar , 6. Cadde 68-C 
Öveçler, Ankara 
They are a Sika supplier.  They have epoxy and other Sika 
products.   


Özgüç H rdavat 0 312 385 3737 or 385 1897 
Al nteri Blv 9. Sok, No 15 Ostim Ankara 
Small turnbuckles. 


Praktiker 
 


On the way to Ankara, turn at the Bilkent junction, follow the 
sign towards Bilkent. 
Large hardware store with a variety of tools.  Home Depot style. 


Rüzgarl  Sokak, Ulus, 
Ankara 


Place to buy construction materials, etc in Ankara. 


Saracoglu 0 312 622 52 40 
Cumhuriyet Mah. Pazar Sok. 19/C Polatli, Ankara 
Where one can buy a variety of things, including tools, plastic, 
ropes, etc. 


Sika Industries 
 


90 216 581 0600 
Tuzla Deri Org. San Bölgesi 
2 Yol J-7 Pansel, Tuzla, İstanbul 
Sika.com.tr 
yamac.suzan@tr.sika.com 
They have epoxy and membrane materials. 


Tacirler 
 


0 312 623 27 18 
Yeni Sanayi Sitesi 
14. Blok No 27 
Polatl  
A store with all sorts of tools, bolts, screws, etc.   


 


80







 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


APPENDIX 7: PRODUCT TECHNICAL DATA 
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