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EXECUTIVE SUMMARY 

Reported herein are the results of detailed petrographic examinations of two saw-cut sections of stucco from a 
condominium complex in Charleston, South Carolina. Located on the Cooper River, the condominium complex in 
2000 reportedly developed de-bonding and cracking on the exposed finish coat of stucco. Stucco was applied 
directly over a concrete masonry base in the exterior walls. Water is reportedly getting behind the finish coat and 
blisters are forming beneath the acrylic paint after rain events.  

As a result, two 6-in.-square saw-cut sections of stucco were collected from the 5th floor north evaluation (marked 
as A) and 3rd floor south elevation (marked as D2). In both locations the finish coat of stucco is reportedly debonding 
from the main stucco body. Both samples were examined by detailed petrographic examinations by following the 
procedures of ASTM C 856.  

Field photographs provided with the samples show visible cracks on the stucco wall as well as blisters reportedly 
formed due to moisture entrapment behind the finish coats. One of the two samples received (D2 from 3rd floor 
south elevation) showed one such empty ruptured blister. Both samples show de-bonding of the finish coat as 
reported in the field even though the finish coat in both samples are not completely detached from the main body. 
Both samples showed the presence of fine, hair-like polypropylene-type synthetic fibers uniformly distribution all 
throughout the body, which has provided the benefit of keeping the stucco intact despite the reported de-boding 
and visible cracks.  

Overall nominal thickness of stucco is 21.7 mm for Sample A from the 5th floor of north elevation, and 25.2 mm 
thickness for the piece D2 from the 3rd floor of south elevation. Both these thicknesses are very close to (for Sample 
A) or exceeded (for Sample D2) the common industry (e.g., ASTM C 926)-recommended minimum 22-mm (7/8 in.) 
thickness of a stucco containing expanded metal lath diamond reinforcement. Both stucco pieces, however, do not 
contain any embedded metal lath reinforcements. 

The reported de-bonding of the finish coat of stucco, besides the reported suspicion of moisture being the cause of 
debonding, is found to be due to complex multiple layering of finish coat where as many as four (in Sample A) to 
five (in Sample D2) different layers are detected within the finish coat which are either polymer-based or 
cementitious.  

Sample A from 5th floor north elevation shows: (a) a neat acrylic paint coat (marked as Layer 1A), (b) a paint coat 
with crushed quartz filler and many entrapped voids (marked as Layer 1B), (c) a paint coat with crushed calcite and 
very fine talc fillers and many entrapped voids (marked as Layer 2), and (d) a dense, essentially air-free, dark gray 
cementitious coat of very low water-cement ratio Portland cement paste (marked as Layer 3). Besides the marked 
difference in compositions of acrylic and cementitious coats in the finish coat, the acrylic coat itself showed some 
difference in chemical compositions between the acrylic layers in terms of the composition of the acrylic binder 
and the mineral fillers used.  

Sample D2 from the 3rd floor south elevation shows: (a) a neat acrylic paint coat (marked as Layer 1A), (b) a paint 
coat with crushed quartz filler and many entrapped voids (marked as Layer 1B), both of which are similar to the 
ones found in Sample A, but it has an additional (c) cementitious coat of very fine rounded quartz filler and Portland 
cement paste and abundant spherical entrained air voids (marked as Layer 1C), after which occurs (d) the paint coat 
with crushed calcite and very fine talc fillers and many entrapped voids (marked as Layer 2), which is also found in 
Sample A, and finally (e) a dense, essentially air-free, dark gray cementitious coat of very low water-cement ratio 
Portland cement paste (marked as Layer 3), which was also found in sample A. Besides the marked difference in 
compositions of acrylic and cementitious coats in the finish coat, the acrylic coat itself showed some difference in 
chemical compositions between the acrylic layers in terms of the composition of the acrylic binder and the mineral 
fillers used.  
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These complex layering of the finish coat, as opposed to a relatively simple application of a finish coat of essentially 
uniform composition (e.g., of acrylic paint with one mineral filler) has resulted in tensions between the layers of 
different compositions and hence developed some within-layer separations that are revealed in micro-scales in 
fluorescent dye-mixed epoxy-impregnated thin sections of stuccos.  

The acrylic layers (#1A, 1B, and 2) as well as the dense low water-cementitious materials ratio dense Portland 
cement paste layer (#3) prevent moisture transmission to and from the stucco to the environment making the stucco 
layers essentially nonbreathable especially when moisture accumulates beneath the stucco, as has already been 
reported as the reason for stucco failures. The blisters on the stucco walls are the direct consequence of moisture 
entrapment beneath the nonbreathable finish coat containing multiple layers of dense nonbreathable acrylic and 
dense cementitious coats.   

Petrographic evidence show a delay in the application of the finish coat after the main stucco body (i.e. the base or 
scratch coat of the stucco) was applied. The most powerful evidence of atmospheric exposure of the stucco prior to 
the application of multiple finish coat layers are: (a) soft, carbonated friable nature of the Portland cement paste at 
the exposed side of the stucco body, beneath the finish coat’s layers which shows evidence of loss of mix water 
from stucco as well as patchy carbonation of paste due to exposure of atmospheric carbon dioxide before the finish 
coat application, and (b) many fine vertical or diagonal shrinkage microcracks within the stucco body that are 
abruptly truncated against the finish coat and developed at the plastic or semi-plastic state before the application of 
finish coat. These evidence indicate a relatively weak stucco surface on which the finish coat was applied where 
the finish coat was not securely integrated into the stucco body to develop a strong bond. As a result, most of the 
debonding is found to be either at the interface between the finish coat and the main stucco body, or within the 
finish coat itself due to its multiple layering of different compositions as mentioned.  

Another petrographic evidence that questions the bond of the stucco to the underlying concrete masonry base is 
carbonation of the underside of stucco found in both samples, which indicates a possible air gap between the stucco 
and concrete masonry base. Due to the inherent absorptive nature of concrete masonry units there is a possibility 
of loss of mix water of stucco to the absorptive concrete masonry base unless the masonry base was prewetted 
before the stucco application. The observed fine shrinkage microcracks within the stucco body as described above 
and judged to be due to loss of mix water of stucco to the atmosphere before the application of finish coat (especially 
since those microcracks are abruptly truncated against the finish coat layers) could also develop from loss of mix 
water from the stucco to the underlying absorptive concrete masonry base.  

As a result, other than the obvious conclusion from field survey of moisture entrapment beneath the stucco layers 
being the cause of observed blistering and de-bonding of finish coat of stucco, petrographic examinations provided 
three additional evidence that can also contribute not only to the reported de-bonding of finish coat but also to the 
observed cracking: (a) application of multiple layers of finish coat, e.g., from acrylic-only to acrylic with different 
mineral fillers to dense cementitious compositions of very different properties; (b) overall nonbreathable natures of 
finish coat layers that will entrap moisture behind the coats to promote blistering and eventual de-bonding of finish 
coats; and (c) loss of mix water of stucco to the atmosphere and/or to the underlying absorptive concrete masonry 
base.  

The main stucco body is air-entrained (estimated 8 to 12 percent air) and made using well-graded, well-distributed, 
sound, fine silica sand of 1 mm nominal size, and Portland cement paste of estimated water-cement ratio of 0.45 
to 0.50 (similar in both samples). There is no evidence of any chemical deterioration of stucco itself to cause the 
observed cracking or reported de-bonding.   
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INTRODUCTION 

Reported herein are the results of detailed petrographic examinations of two saw-cut sections of stucco from a 

condominium complex in Charleston, South Carolina. Located on the Cooper River, the condominium complex in 

2000 reportedly developed de-bonding and cracking on the exposed finish coat of stucco.  

BACKGROUND  

Stucco was applied directly over a concrete masonry base in the exterior walls. Water is reportedly getting behind 

the finish coat and blisters are forming beneath the acrylic paint after rain events.  

Field photographs provide with the samples show visible cracks on the stucco wall as well as blisters reportedly 

formed due to moisture entrapment behind the finish coats. One of the two samples received (D2 from 3rd floor 

south elevation) showed one such empty ruptured blister.  

Both samples show de-bonding of the finish coat as reported in the field even though the finish coat in both samples 

are not completely detached from the main body. Both samples showed the presence of fine, hair-like 

polypropylene-type synthetic fibers uniformly distributed all throughout the body, which has provided the benefit 

of keeping the stucco intact despite the reported de-boding and visible cracks. 

PURPOSE 

Based on the above background information, two saw-cut sections of stucco samples were examined to determine: 

• The overall thickness of the stucco samples, along with thickness of individual coats; 

• The overall condition and composition of individual stucco coats applied; 

• Soundness and durability of the stucco materials from the sand used in the stucco to the binder phase(s); 

and, 

• Evaluation of materials-related versus construction-related versus environment-related factors to investigate 

reasons for reported failure of finish coat. 
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FIELD PHOTOGRAPHS 

 
Figure 1:  Field photos of locations of two sectioned stucco samples collected from the 5th floor at north elevation 
for Sample A and 3rd floor of south elevation for Sample D2. Notice blistering on the stucco walls at both locations 
that are marked with arrows. 
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METHODOLOGIES 

PETROGRAPHIC EXAMINATIONS 

The stucco samples were examined using the methods and procedures of ASTM C 856 “Standard Practice for 

Petrographic Examination of Hardened Concrete.”  Details of concrete petrography, and sample preparation 

techniques for petrographic examinations of stucco are provided in Jana (2006).  

 
Figure 2: Some of the 
optical microscopes in 
the optical microscopy 
lab that are used for this 
investigation, from low-
power stereo 
microscope, to high-
power transmitted-light 
stereozoom microscope 
with plane and crossed-
polarized light, to epi-
fluorescent microscope 
for observations of 
florescent dye-mixed 
epoxy impregnated thin 
sections and 
petrographic 
microscopes for further 
observations of thin 
sections of stucco. 

 

Briefly, the steps followed during petrographic examination of the stucco samples include:  

i. Visual examinations of the samples, as received, including adequate documentation of dimensions, 
measurements, condition, physical properties, integrity, etc.;  

ii. Low-power stereomicroscopical examinations of as-received, saw-cut and freshly fractured sections, and 
lapped cross sections of samples for evaluation of texture, air-void systems, and compositions; 

iii. Examinations of oil immersion mounts in a petrographic microscope for mineralogical compositions of 
specific areas of interests; 

iv. Examinations of fluorescent dye-mixed (to highlight open spaces, cracks, etc.) low-viscosity epoxy-
impregnated large area (50 mm ´ 75 mm) thin sections of stucco in a petrographic microscope for detailed 
compositional and microstructural analyses; 

v. Photographing the samples, as received and at various stages of preparation with a digital camera and a 
flatbed scanner; 

vi. Photomicrographs of lapped sections and thin sections of stuccos taken with stereomicroscope and 
petrographic microscope, respectively to provide detailed compositional and mineralogical information of 
stucco.  
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FTIR SPECTROSCOPY OF OUTERMOST FINISH COAT OF STUCCO 

Fourier-transform infrared spectroscopy (FT-IR) measures interaction between applied infrared radiation and the 

molecules in the compounds of interest. Bonds between atoms have distinctive geometrics and natural states of 

rotation and 

vibration. Incident 

infrared radiation 

will excite these 

vibrations and 

rotations when a 

critical wavelength is 

reached that can 

impart energy to the 

bond. At this point 

the atomic bond that 

is being excited will 

absorb that wavelength of infrared radiation. If the sample is placed between the source of radiation and a detector 

these times of absorption of infrared radiation can be recorded as reduced intensity and can be related to specific 

types of atomic bonds characteristic of particular functional groups in compounds (e.g., CO3-group in carbonates). 

FT-IR is particularly useful for detection of polymer resins beneath floorings. FT-IR is used mainly to identify various 

organic components (functional groups) in paint coats on stucco from their characteristic spectral fingerprints in FT-

IR spectrum. Organic compounds such as synthetic (e.g., acrylics, polyesters) and natural resins, carbohydrates, 

colorants, oils and fats, proteins, waxes as well as inorganic compounds, e.g., corrosion products, minerals, 

pigments, paints, fillers, stone, glass, and ceramics can be detected by this technique.  

FT-IR measurements are done in a Perkin Elmer Spectrum 100 FT-IR spectrophotometer (Figure 3) running with 

Spectrum 10 software. Outermost finish coats of the two samples were measured using attenuated total reflection 

(ATR) on a single bounce diamond/ZnSe ATR crystal. Samples were measured between a frequency range of 4000 

to 650 cm–1. Each run was collected at 4 cm–1 resolution with Strong Beer-Norton apodization. Data were collected 

with a temperature-stabilized deuterated triglycine sulfate (DTGS) detector by placing the sample in contact with 

the ATR crystal and by applying force from the pressure applicator supplied with the ATR accessory. The application 

of pressure enabled the sample to be in intimate contact with the ATR crystal, ensuring a high-quality spectrum was 

achieved. 

 

  

Figure 3: Perkin Elmer Spectrum 100 FT-IR unit with Universal ATR attachment for 
examinations of paint coats on stucco. 
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SAMPLES 

Figures 4 to 7 show the saw-cut stucco samples received. Overall dimensions of stucco samples are shown in the 

Figures along with overall thickness.  Total thickness of stucco are 21.7 mm thickness of Sample A from the 5th floor 

of north elevation, and 25.2 mm thickness for the piece D2 from the 3rd floor of south elevation (Figure 7). Both 

these thicknesses are very close to (for Sample A) or exceeded (for Sample D2) the common industry (e.g., ASTM C 

926)-recommended minimum 22-mm (7/8 in.) thickness of a stucco containing expanded metal lath diamond 

reinforcement. Both stucco pieces, however, do not contain any embedded metal lath reinforcements.  

EXPOSED SURFACE 

The top left photos in Figures 4 and 5 show the exposed surfaces of stucco samples which show visible cracking at 

the location of Sample A and a ruptured blister at the location of sample D2. The top right photos in these Figures 

show the undersides where cracks are extended from the top at the location of Sample A and a few cracks are seen 

at the underside of Sample D2.  

STUCCO COATS 

Saw-cut cross sections of both samples show a beige paint coat applied over main stucco body which showed 

partial de-bonding from the body. Subsequent studies showed multiple layers within the finish coat from polymer 

based to cementitious.   

CRACKS, JOINTS, AND LARGE VOIDS 

Both samples show visible cracks, especially in Sample A where cracks are distinct on the exposed side, and 

extended through the entire thickness to the underside. Sample D2 shows a few cracks and carbonation along 

cracks.   

EMBEDDED ITEMS 

Distributed throughout the stucco are fine, hair-like, synthetic polypropylene-type fibers that have provided some 

tensile strength to hold the stucco coats together.  

RESONANCE 

The samples have a dull to ringing resonance when hammered.   
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Figure 4:  Stucco Sample A from the 5th floor of north elevation, as received, showing a network of visible cracks 
on the exposed surface of stucco that has a beige paint coat (top left photo). Many surface cracks have extended all 
throughout the stucco thickness as seen on the two cross sectional photos to become visible on the back side as 
seen in the top right photo. The paint coat shows partial de-bonding from the main stucco body, some of which 
may have occurred during the stucco sectioning and retrieval process in the field followed by subsequent transport 
to our lab. However, for most of the sectioned piece received paint showed an overall adherence to the stucco 
body. Beneath the paint coat within top 3 mm is a thin dark gray bank of paste, which is noticeably darker gray in 
color tone to be distinguished from the normal gray color tone of paste throughout the main body of the stucco.  
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Figure 5:  Stucco Sample D2 from the 3rd floor of south elevation, as received, showing a few surface cracks, but 
not as many as seen in Sample A.  A few visible cracks are mostly noted on the underside of this sectioned piece as 
seen in the top right photo. The exposed surface shows rupturing of a pre-existing blister on the stucco’s finish coat, 
which is consistent with many blisters seen at the location of this sample in the field photo in Figure 1. The cross 
sectional views show many through-depth cracks, mostly tapered towards the exposed surface and widened towards 
the underside, as well as some separations at the exposed end parallel to the stucco coats. Notice pinkish beige 
discoloration of paste and some dark gray paste bands beneath the paint coat on the cross sectional views where 
the pinkish coloration of the main stucco body at the exposed end is present only in this sample, but the dark gray 
thin paste band is seen in Sample A as well. The paint coat shows partial de-bonding from the main stucco body 
some of which may have occurred during the stucco sectioning and retrieval process in the field followed by 
subsequent transport to our lab, but for most of the sectioned piece received paint showed an overall adherence to 
the stucco body.   
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Figure 6:  A close-up of cross sectional views of stucco Sample D2 showing multiple layers at the exposed end, i.e. 
within the top 5 mm of the exposed surface having very different paste colors from normal gray color tone of paste 
to dark gray thin band of paste to pinkish beige discolored paste all before the normal gray interior paste tone 
appeared (which is marked by dotted red lines in the cross sections).   
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Figure 7:  Shown is the total thickness of two stucco samples from two representative sectioned pieces showing 
21.7 mm thickness of Sample A from the 5th floor of north elevation, and 25.2 mm thickness for the piece D2 from 
the 3rd floor of south elevation. Both these thicknesses are very close to (for Sample A) or exceeded (for Sample D2) 
the common industry (e.g., ASTM C 926)-recommended minimum 22-mm (7/8 in.) thickness of a stucco containing 
expanded metal lath diamond reinforcement. Both stucco pieces, however, do not contain any embedded metal 
lath reinforcements.  
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PETROGRAPHIC EXAMINATIONS 

SAW-CUT CROSS SECTIONS 

 
Figure 8: Saw-cut cross sections of the stucco Sample A showing at least three discernable coats at the exposed 
surface end, starting from the beige paint coat (#1, <0.5 mm thick) to a thin intermediate filler-based paint coat (#2, 
max. 1.5 mm thick) to a thin dark gray cementitious coat of paste coat (#3, max. 1 mm thick), after which the normal 
gray color variations of paste within the main body of stucco has occurred. The main stucco body shows carbonation 
of paste at the exposed end, which is distinguished by its light gray discoloration, some of which have followed the 
paths of vertical or diagonal cracks transecting the stucco indicating continuous atmospheric carbonation of stucco 
during service along these cracks. For most of the interior body (e.g., beneath the white dotted line in the 3rd section) 
the paste is medium gray and more or less uniform in color tone for at least 10 to 15 mm beyond the 
discolored/carbonated zone. White arrows show all visible cracks, yellow arrows show carbonation of paste along 
some vertical cracks leaving V-shaped discolored carbonated paste along the cracks.  
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Figure 9: Saw-cut cross sections of stucco in Sample D2 showing a thin beige paint coat at the surface, which is 
about 1.5 mm in maximum thickness, followed by a dark gray paste band about 1 mm in thickness, after which the 
normal paste of main body of stucco shows pinkished beige discoloration for a thickness of 4 mm (deeper along 
vertical cracks) where discoloration has occurred from atmospheric carbonation of stucco. After the disoclored 
paste is another thin dark gray paste band of 2 to 3 mm thickness before the normal gray color tone of the main 
body of stucco starts and extends throughout the rest of the stucco thickness. As many as 4 to 5 different layers are 
identified depending on the color tones of paste, and compositions of layers from polymer-based to cementitious 
layers. De-bonding has occurred within the polymer coat of stucco, as seen in all sectioned pieces, and not between 
the polymer coat and the main cementitious body of stucco. Through-depth vertical cracks and carbonation of paste 
along the cracks are seen.  
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LAPPED CROSS SECTIONS 

 
Figure 10: Fluorescent dye-mixed epoxy-impregnated lapped cross section of stucco Sample A showing at least 
three distinct layers within the finish coat at the exposed surface end, starting from the beige paint coat (#1, <1 mm 
thick) to a thin intermediate filler-based paint coat (#2, max. 1 mm thick) to a thin dark gray cementitious paste coat 
(#3, max. 1 mm thick, marked by thin white arrows) after which the normal color variations of paste in the main 
body of stucco have occurred. The main stucco body shows carbonation of paste at the exposed end, which is 
distinguished by light gray discoloration of paste, some of which have followed the paths of vertical or diagonal 
cracks transecting the stucco indicating continuous atmospheric carbonation of stucco along these cracks. White 
thick arrows show all visible cracks.  
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Figure 11: Fluorescent dye-mixed epoxy-impregnated lapped cross section of stucco Sample A showing at least 
three distinct layers within the finish coat at the exposed surface end, starting from the beige paint coat (#1, <1 mm 
thick) to a thin intermediate filler-based paint coat (#2, max. 1 mm thick) to a thin dark gray cementitious paste coat 
(#3, max. 1 mm thick, marked by thin white arrows) after which the normal color variations of paste in the main 
body of stucco have occurred. The main stucco body shows carbonation of paste at the exposed end, which is 
distinguished by light gray discoloration of paste, some of which have followed the paths of vertical or diagonal 
cracks transecting the stucco indicating continuous atmospheric carbonation of stucco along these cracks. White 
thick arrows show all visible cracks.  
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Figure 12: Fluorescent dye-mixed epoxy-impregnated lapped cross section of stucco Sample D2 showing at least 
three distinct layers within the finish coat at the exposed surface end, starting from the neat beige paint coat (#1, 
<0.5 mm thick) to a thin intermediate filler-based polymer (#2, max. 1 mm thick) to a thin dark gray cementitious 
paste coat (#3, max. 1 mm thick) after which the normal color variations of paste in the main body of stucco have 
occurred. The main stucco body shows carbonation of paste at the exposed end, which is distinguished by pinkish-
beige discoloration of paste to a depth of 4 mm, some of which have followed the paths of vertical or diagonal 
cracks transected the stucco indicating continuous atmospheric carbonation of stucco during service along these 
cracks.  

  



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Failure of Stucco Cladding in a Condominium Complex, Charleston, SC 17 

 

 
Figure 13: Fluorescent dye-mixed epoxy-impregnated lapped cross section of stucco Sample D2 showing at least 
three layers within the finish coat at the exposed surface end, starting from the neat beige paint coat (#1, <0.5 mm 
thick) to a thin intermediate polymer coat with mineral fillers (#2, max. 1 mm thick) to a thin dark gray back of paste 
coat (#3, max. 1 mm thick) after which the normal color variations of paste in the main body of stucco have occurred. 
The main stucco body shows carbonation of paste at the exposed end, which is distinguished by pinkish-beige 
discoloration of paste to a depth of 4 mm, some of which have followed the paths of vertical or diagonal cracks 
transecting the stucco indicating continuous atmospheric carbonation of stucco along these cracks.  
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Figure 14: Two parallel strips of fluorescent dye-mixed epoxy-impregnated lapped cross sections of the stucco 
Sample D2 showing at least three distinct layers within the finish coat at the exposed surface end, starting from the 
neat beige paint coat (#1, <0.5 mm thick) to a thin intermediate polymer coat with mineral fillers (#2, max. 1 mm 
thick) to a thin dark gray cementitious paste coat (#3, 1 mm thick) after which the normal color variations of paste 
in the main body of stucco have occurred. The main stucco body shows carbonation of paste at the exposed end, 
which is distinguished by pinkish-beige discoloration of paste to a depth of 4 mm.  
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MICROGRAPHS OF LAPPED CROSS SECTION 

 
Figure 15: Micrographs of lapped cross section of stucco Sample A showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats, i.e. 
two polymer and one cementitious coat, constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. Notice the debonding has occurred within the polymer coats, mostly between #1 (no or less mineral 
filler) and # 2 (with mineral filler) polymer coats. The polymer coat is well-bonded to the dark gray thin paste coat, 
which, in turn, is well-bonded to the main stucco body. Stucco has many fine, hair-like synthetic polypropyne-type 
fibers distributed throuhgout the body, which are not distinguishable in these micrographs. Scale bars are 0.50 mm.  
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Figure 16: Micrographs of lapped cross section of stucco Sample A showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats, i.e. 
two polymer and one cementitious coat, constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. Notice the debonding has occurred within the polymer coats, mostly between #1 (no or less mineral 
filler) and # 2 (with mineral filler) polymer coats. The polymer coat is well-bonded to the dark gray thin paste coat, 
which, in turn, is well-bonded to the main stucco body. Stucco has many fine, hair-like synthetic polypropylene-
type fibers distributed throughout, which are not distinguishable in these micrographs. Scale bars are 0.50 mm. 
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Figure 17: Micrographs of lapped cross section of stucco Sample D2 showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats, i.e. 
two polymer and one cementitious coat, constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. The polymer coat is well-bonded to the dark gray thin paste coat, which, in turn, is well-bonded to 
the main stucco body. Stucco has many fine, hair-like synthetic polypropyne-type fibers distributed throuhgout the 
body, which are not distinguishable in these micrographs. Patchy pinkish-beige discoloration of stucco paste is due 
to atmospheric carbonation of stucco during service. Scale bars are 0.50 mm. 
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Figure 18: Micrographs of lapped cross section of stucco Sample D2 showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats, i.e. 
two polymer and one cementitious coat, constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. The polymer coat is well-bonded to the dark gray thin paste coat, which, in turn, is well-bonded to 
the main stucco body. Stucco has many fine, hair-like synthetic polypropyne-type fibers distributed throuhgout the 
body, which are not distinguishable in these micrographs. Patchy pinkish-beige discoloration of stucco paste is due 
to atmospheric carbonation of stucco during service. Scale bars are 0.50 mm. 

  



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Failure of Stucco Cladding in a Condominium Complex, Charleston, SC 23 

 

 
Figure 19: Micrographs of lapped cross section of stucco Sample D2 showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats, i.e. 
two polymer and one cementitious coat, constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. The polymer coat is well-bonded to the dark gray thin paste coat, which, in turn, is well-bonded to 
the main stucco body. Stucco has many fine, hair-like synthetic polypropyne-type fibers distributed throughout the 
body, which are not distinguishable in these micrographs. Patchy pinkish-beige discoloration of stucco paste is due 
to atmospheric carbonation of stucco during service. Scale bars are 0.50 mm. 
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Figure 20: Micrographs of lapped cross section of stucco Sample D2 showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats, i.e. 
two polymer and one cementitious coat, constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. The polymer coat is well-bonded to the dark gray thin paste coat, which, in turn, is well-bonded to 
the main stucco body. Stucco has many fine, hair-like synthetic polypropyne-type fibers distributed throughout the 
body, which are not distinguishable in these micrographs. Patchy pinkish-beige discoloration of stucco paste is due 
to atmospheric carbonation of stucco during service. Scale bars are 0.50 mm. 
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Figure 21: Micrograph of lapped cross section of stucco Sample D2 showing: (a) a neat acrylic paint coat (< 0.25 
mm thick) at the very top marked as #1, followed by (b) a paint coat with mineral fillers (0.5 mm thick) marked as 
#2, which is then followed by (c) a dark gray cementitious coat (0.5 mm thick) marked as #3. These three coats i.e. 
two polymer and one cementitious coat constitute the finish coat of stucco applied on the main cementitious body. 
The main cementitious stucco is air-entrained and made using silica sand of 1 mm in nominal size and Portland 
cement paste. The polymer coat is well-bonded to the dark gray thin paste coat, which, in turn, is well-bonded to 
the main stucco body.  

The top portion of the base coat of stucco beneath the layers of finish coat shows a relatively soft, porous paste 
within the dashed boxed area, which indicates a possible evaporation of mix water from the stucco, perhaps due 
to delay in placement of the finish coat.  
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MICROGRAPHS OF SAW-CUT CROSS SECTIONS 

 
Figure 22: Micrographs of saw-cut cross section of stucco in Sample A showing all three coats constituting the finish 
coat that are seen in previous micrographs, but most importantly the fine hair-like polypropylene-type fibers in the 
stucco that are not seen so distinctly in the lapped cross sections as here in saw-cut sections (some are marked with 
yellow arrows). Notice the debonding between the polymer coats 1 and 2 in the top two photos that are seen before 
where #1 lacks mineral fillers whereas #2 has mineral fillers in paint. Coat #2 of polymer coat is well-bonded to 
the dark gray thin cementitious coat #3, which, in turn, is well-bonded to main stucco. Vertical crack in stucco is 
abruptly truncated against the dark gray #3 cementitious coat as seen in the middle right photo. Scale bars are 0.50 
mm. 
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Figure 23: Micrographs of saw-cut cross section of stucco in Sample D2 showing all three coats constituting the 
finish coat that are seen in previous micrographs, but most importantly the fine hair-like polypropylene-type fibers 
in the stucco that are not seen so distinctly in the lapped cross sections as here in saw-cut sections (some are marked 
with yellow arrows). Notice the debonding between the finish coat (Coats #1 to 3 combined) and the main stucco 
body that are held together by the fibers (see middle left photo where fibers are marked with arrows. Coat #1 and 2 
of polymer coat are well-bonded to each other and to the dark gray thin cementitious coat #3, which, in turn, is de-
bonded from main stucco. Scale bars are 0.50 mm. 
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FIBERS IN STUCCO 

 
Figure 24: Shown are fine hair-like synthetic polypropylene-type fibers uniformly distributed throughout the stucco 
bodies in both samples. 
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THIN SECTIONS 

 
Figure 25: Fluorescent dye-mixed epoxy-impregnated thin section of stucco in Sample A (top) and the residue of 
thin section (bottom) scanned in a flatbed scanner showing the individual polymer and dark gray cementitious layers 
of the finish coat and the main stucco body. Fluorescent dye absorbs more into the cracks, voids, and porous areas 
of stucco to be highlighted when viewed in an UV light compared to the denser regions.  
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Figure 26: Fluorescent dye-mixed epoxy-impregnated thin section of stucco in Sample D2 (top) and the residue of 
thin section (bottom) scanned in a flatbed scanner showing the individual polymer and dark gray cementitious layers 
of the finish coat and the main stucco body. Fluorescent dye absorbs more into the cracks, voids, and porous areas 
of stucco to be highlighted when viewed in an UV light compared to the denser regions.  
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Figure 27: Fluorescent dye-mixed epoxy-impregnated thin sections of stucco in Samples A (top) and D2 (bottom) 
scanned in a flatbed scanner with a black background to highlight the polymer coats in the finish coats of stucco 
samples and the de-bonding within the polymer coat as opposed to between the polymer coats and the main stucco 
body which is more prominent in the Sample D2 in this image.   
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Figure 28: Scans of entire 50 mm ´ 75 mm thin section of stucco in Sample A from a digital film scanner (Nikon 
Super Coolscan 9000 ED) in plane polarized light (PPL) and crossed polarized light (XPL) modes in top and bottom 
photos by using one or two polarizing filers, respectively. PPL photo shows the cracks, voids and size, shape, and 
distribution of sand particles and dark acrylic coats, whereas XPL photo highlights silica-based composition of 
stucco sand in the main body and the presence of a very thin calcite layer at the top within the polymer coat (#2).  
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Figure 29: Scans of entire 50 mm ´ 75 mm thin section of stucco in Sample A in a transmitted-light Olympus SZX12 
stereozoom microscope with polarized light facilities where the entire slide was scanned using Microvisioneer’s 
manualWSI whole-slide scanning software in plane polarized light (PPL, top) and crossed polarized light (XPL, 
bottom) modes by rotating the analyzer filter in the microscope. PPL photo shows the cracks, voids and size, shape, 
and distribution of sand particles and dark acrylic coats, whereas XPL photo highlights silica based composition of 
stucco sand in the main body, the presence of a very thin calcite layer at the top within the polymer coat (#2), and 
a carbonated paste at the bottom 5 mm of the stucco underside. 
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Figure 30: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample A from a digital film scanner 
(Nikon Super Coolscan 9000 ED) in plane polarized light (PPL, top) and crossed polarized light (XPL, middle) modes, 
as well as micrographs of lapped cross section in the bottom row showing the three layers of finish coat consisting 
two polymer layers with (#2, calcite fillers) and without (#1A and 1B) mineral fillers and the dark gray cementitious 
layer (#3). Silica sand of stucco are crushed, well-graded, and well-distributed. The intermediate polymer coat with 
calcite filler (#2) has a lot of entrapped air voids highlighted by fluorescent epoxy compared to the neat acrylic paint 
coat above (#1) or the dark gray cementitious coat (#3) below.  
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Figure 31: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample A in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in plane polarized light (PP), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, abundant air 
voids all throughout the depth of the stucco that are highlighted by fluorescent epoxy, and some fine near-vertical 
shrinkage microcracks within the stucco body that are truncated against the finished coat’s layers and formed due 
to loss of water from the stucco due to drying shrinkage prior to the application of the finish coat layers. Boxed areas 
within the insets of whole slide scan in Figure 29 show the portions enlarged. 
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Figure 32: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample A in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in plane polarized light (PP), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, abundant air 
voids all throughout the depth of the stucco that are highlighted by fluorescent epoxy, and some fine near-vertical 
shrinkage microcracks within the stucco body that are truncated against the finished coat’s layers and formed due 
to loss of water from the stucco due to drying shrinkage prior to the application of the finish coat layers. Boxed areas 
within the insets of whole slide scans show the portions enlarged. The top photo is a portion cropped from the main 
stucco body to determine sand contents in stucco by image analysis, which showed 39.5% sand by volume. 
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Figure 33: Scans of entire 50 mm ´ 75 mm thin section of stucco in Sample D2 from a digital film scanner (Nikon 
Super Coolscan 9000 ED) in plane polarized light (PPL) and crossed polarized light (XPL) modes in top and bottom 
photos by using one or two polarizing filers, respectively. PPL photo shows the cracks, voids and size, shape, and 
distribution of sand particles and dark acrylic coats, whereas XPL photo highlights silica based composition of stucco 
sand in the main body, patchy carbonation of paste within the main body of stucco from golden yellow birefringence 
of carbonated paste, and the presence of a very thin calcite layer at the top within the polymer coat (marked as #2 
in previous Figures).  
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Figure 34: Scans of entire 50 mm ´ 75 mm thin section of stucco in Sample D2 in a transmitted-light Olympus 
SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in plane polarized light (PPL, top) and crossed polarized 
light (XPL, bottom) modes by rotating the analyzer filter in the microscope. PPL photo shows the cracks, voids and 
size, shape, and distribution of sand particles and dark acrylic coats, whereas XPL photo highlights silica based 
composition of stucco sand in the main body, the presence of a very thin calcite layer at the top within the polymer 
coat (#2), and a carbonated paste at the bottom 5 mm of the stucco underside. 
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Figure 35: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample D2 from a digital film scanner 
(Nikon Super Coolscan 9000 ED) in plane polarized light (PPL, top) and crossed polarized light (XPL, middle) modes, 
as well as micrographs of lapped cross section in the bottom row showing the not three but actually four (4) layers 
of finish coat consisting of: (A) neat acrylic paint coat at the very top (#1A+1B due to application in two coats), (B) 
a new cementitious layer consisting of sub-angular to rounded silica sand and Portland cement paste (1C), which 
is followed by (C) the calcite filler based acrylic coat (#2) seen in the other sample, as well as (D) the dark gray 
cementitious coat (#3) seen in the other sample. Silica sand of stucco are crushed, well-graded, and well-distributed. 
The intermediate cementitious coat 1C and calcite filler based polymer coat 2 have a lot of entrapped air voids 
highlighted by fluorescent epoxy compared to the neat acrylic paint coat above (#1A+1B) or the dark gray 
cementitious coat (#3) below. Notice a soft, porous paste at the top of main stucco body beneath the finish coat. 
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Figure 36: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample D2 in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in plane polarized light (PPL), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, abundant air 
voids all throughout the depth of the stucco that are highlighted by fluorescent epoxy, and some shrinkage 
microcracks within the stucco body that were formed due to loss of water from the stucco due to drying shrinkage 
prior to the application of the finish coat layers. Boxed areas within the insets of whole slide scans show the portions 
enlarged. 
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Figure 37: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample D2 in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in plane polarized light (PPL), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, abundant air 
voids all throughout the depth of the stucco that are highlighted by fluorescent epoxy, and some shrinkage 
microcracks within the stucco body that were formed due to loss of water from the stucco due to drying shrinkage 
prior to the application of the finish coat layers. Boxed areas within the insets of whole slide scans show the portions 
enlarged. 
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Figure 38: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample D2 in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in plane polarized light (PPL), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, abundant air 
voids all throughout the depth of the stucco that are highlighted by fluorescent epoxy, and some shrinkage 
microcracks within the stucco body that were formed due to loss of water from the stucco due to drying shrinkage 
prior to the application of the finish coat layers. Boxed areas within the insets of whole slide scans show the portions 
enlarged. The top photo is a portion cropped from the main stucco body to determine sand contents in stucco by 
image analysis, which showed 47.7% sand by volume. 
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Figure 39: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample D2 in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in crossed polarized light (XPL), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, the presence 
of a very thin calcite layer at the top within the polymer coat (#2), and a carbonated paste at the bottom 5 mm of 
the stucco underside. 
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Figure 40: Enlarged view of scanned 50 mm ´ 75 mm thin section of stucco in Sample D2 in a transmitted-light 
Olympus SZX12 stereozoom microscope with polarized light facilities where the entire slide was scanned using 
Microvisioneer’s manualWSI whole-slide scanning software in crossed polarized light (XPL), showing the layers in 
finish coat, size, shape, and grain-size distribution of well-graded crushed silica sand in stucco body, the presence 
of a very thin calcite layer at the top within the polymer coat (#2), and a carbonated paste at the bottom 5 mm of 
the stucco underside. 
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THIN SECTIONS 

 
Figure 41: Micrographs of 
lapped cross sections (top row), 
and thin sections (middle and 
bottom rows) of stucco in 
Sample A (left column) and D2 
(right column) showing: 

(a) The top acrylic paint coat 
#1 that constitutes a neat coat 
1A and a coat 1B with quartz 
fillers and entrapped voids  in 
Stucco A, but a neat coat 1A 
and an acrylic coat with 
crushed quartz filler and 
rounded voids (1B) and 
another coat of cementitious 
paste with finer rounded 
quartz fillers (1C) in Stucco D2.  

(b) This is followed by the 
acrylic coat #2 with crushed 
calcite filler in both samples. 
Notice the variation in color of 
acrylic medium between 1A 
and 1B in XPL image of Stucco 
D2 and between 1 and 2 in 
XPL images of both stuccos.  

(c) Therefore, Stucco A has (i) 
neat polymer (#1A, 0.1-0.2 
mm thick), (ii) polymer with 
crushed sand, talc filler, 
irregular voids (#1B, 0.1-0.4 
mm thick), (iii) polymer with 
calcite filler/irregular voids (#2, 
0.6-0.8 mm thick), and (iv) 
dark gray cementitious coat 
(#3, 0.6-1.2 mm thick) within 
the finish coat, whereas,  

(d) Stucco D2 has (i) neat 
polymer (1A, 0.1-0.2 mm 
thick), (ii) polymer with 
crushed sand, talc filler, and 
irregular voids (1B, 0.1-0.4 

mm thick), (iii) cementitious with subangular to rounded silica sand (1C, 0.4-0.6 mm thick), (iv) polymer with 
calcite filler/irregular voids (#2, 0.6-0.8 mm thick), and (v) dark gray cementitious coat (#3, 0.6-1.2 mm thick) 
within the finish coat.  
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Figure 42: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL and 
XPL showing the acrylic (#1A, 1B, and 2) and cementitious (#3) layers in the finish coat, variations in void contents 
of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in the stucco 
body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of crushed 
quartz sand aggregate in stucco.  
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Figure 43: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL and 
XPL showing the acrylic (#1A, 1B, and 2) and cementitious (#3) layers in the finish coat, variations in void contents 
of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in the stucco 
body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of crushed 
quartz sand aggregate in stucco.  
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Figure 44: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample D2 in PPL and 
XPL showing the acrylic (#1A, 1B, and 2) and cementitious (#1C and 3) layers in the finish coat, variations in void 
contents of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in 
the stucco body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of 
crushed quartz sand aggregate in stucco.  
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Figure 45: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample D2 in PPL and 
XPL showing the acrylic (#1A, 1B, and 2) and cementitious (#1C and 3) layers in the finish coat, variations in void 
contents of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in 
the stucco body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of 
crushed quartz sand aggregate in stucco.  
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MICROGRAPHS OF THIN SECTIONS 

 
Figure 46:  Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#3) layers in the finish coat, variations in 
void contents of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste 
in the stucco body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution 
of crushed quartz sand aggregate in stucco. 
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Figure 47: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#3) layers in the finish coat, variations in 
void contents of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste 
in the stucco body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution 
of crushed quartz sand aggregate in stucco. 
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Figure 48: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#3) layers in the finish coat, variations in 
void contents of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste 
in the stucco body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution 
of crushed quartz sand aggregate in stucco. 
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Figure 49: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#3) layers in the finish coat, variations in 
void contents of individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste 
in the stucco body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution 
of crushed quartz sand aggregate in stucco. 
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Figure 50: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample A in PPL (top) 
and XPL (bottom) from the interior stucco body showing the crushed quartz sand aggregate and Portland cement 
paste.  
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Figure 51: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample D2 in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#1C and 3) layers in the finish coat, crushed 
quartz filler in acrylic coat #1B versus fine rounded quartz filler in cementitious coat #1C versus crushed calcite 
filler in acrylic coat #2 versus dense dark cementitious coat #3 within the finish coat, variations in void contents of 
individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in the stucco 
body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of crushed 
quartz sand aggregate in stucco.  
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Figure 52: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample D2 in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#1C and 3) layers in the finish coat, crushed 
quartz filler in acrylic coat #1B versus fine rounded quartz filler in cementitious coat #1C versus crushed calcite 
filler in acrylic coat #2 versus dense dark cementitious coat #3 within the finish coat, variations in void contents of 
individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in the stucco 
body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of crushed 
quartz sand aggregate in stucco.  



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Failure of Stucco Cladding in a Condominium Complex, Charleston, SC 57 

 

 
Figure 53: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample D2 in PPL (left) 
and XPL (right) showing the acrylic (#1A, 1B, and 2) and cementitious (#1C and 3) layers in the finish coat, crushed 
quartz filler in acrylic coat #1B versus fine rounded quartz filler in cementitious coat #1C versus crushed calcite 
filler in acrylic coat #2 versus dense dark cementitious coat #3 within the finish coat, variations in void contents of 
individual layers within the finish coat that are highlighted by fluorescent epoxy, carbonated paste in the stucco 
body highlighted by golden yellow interference color in XPL photo, and size, shape and distribution of crushed 
quartz sand aggregate in stucco.  
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Figure 54: Micrographs 
of fluorescent dye-
mixed epoxy-
impregnated thin 
section of stucco 
Sample D2 in PPL (left) 
and XPL (right) showing: 

(a) The acrylic (#1A, 
1B, and 2) and 
cementitious (#1C and 
3) layers in the finish 
coat,  

(b) Crushed quartz 
filler in acrylic coat #1B 
versus fine rounded 
quartz filler in 
cementitious coat #1C 
versus crushed calcite 
filler in acrylic coat #2 
versus dense dark 
cementitious coat #3 
within the finish coat,  

(c) Variations in void 
contents of individual 
layers within the finish 
coat that are highlighted 
by fluorescent epoxy,  

(d) Carbonated paste 
in the stucco body 
highlighted by golden 
yellow interference 
color in XPL photo, and  

(e) Size, shape and 
distribution of crushed 
quartz sand aggregate in 
stucco.  
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Figure 55: Micrographs of fluorescent dye-mixed epoxy-impregnated thin section of stucco Sample D2 in PPL (top) 
and XPL (bottom) from the interior stucco body showing the crushed quartz sand aggregate and Portland cement 
paste-brown iron oxide corrosion products where corrosion products have invaded the paste.  
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FTIR SPECTRA OF PAINT COATS ON TWO STUCCO SAMPLES 

 
Figure 56: FTIR spectra of exterior neat paint coat in two stucco samples showing the components indicative of 
polyvinyl acetate (PVA) composition of polymer in the paint along with quartz, calcite, and very fine talc fillers 
(later mostly found in the coat with crushed calcite) added as crushed fillers in paint coats.  
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Figure 57: FTIR spectra of paint coats from two samples of stucco showing overall compositional similarities of paint. 

RESULTS 

Based on detailed petrographic examinations, both stucco samples are found to contain: (a) a multi-layered finish 

coat, applied over (b) the main stucco body. The main body contains crushed silica sand aggregate having a nominal 

maximum size of 1 mm, containing major amount of quartz and subordinate amounts of quartzite, and feldspar; 

particles are well-graded, well-distributed, and have been sound. Paste is Portland cement based showing well 

hydration of cement. Stucco is air-entrained having an air content estimated to be 8 to 12 percent.  

Stucco 

Stucco Coats 
(Two-Coat Stucco) 

Two-coat Stucco – Total Nominal Maximum thickness is 21.7 mm for Sample A 
from the 5th floor of north elevation, and 25.2 mm thickness for the piece D2 from 
the 3rd floor of south elevation. 
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Stucco 

Compositions of 
Stucco Coats 

(a) Stucco A has the top acrylic paint coat #1 that constitutes a neat coat 
1A and a coat 1B with quartz fillers and entrapped voids, but Stucco 
D2 has a neat coat 1A and an acrylic coat with crushed quartz filler 
and rounded voids (1B) and another coat of cementitious paste with 
finer rounded quartz fillers (1C).  

(b) This is followed by the acrylic coat #2 with crushed calcite filler in both 
samples.  

(c) Therefore, Stucco A has (i) neat polymer (#1A, 0.1-0.2 mm thick), (ii) 
polymer with crushed sand, talc filler, irregular voids (#1B, 0.1-0.4 mm 
thick), (iii) polymer with calcite filler/irregular voids (#2, 0.6-0.8 mm 
thick), and (iv) dark gray cementitious coat (#3, 0.6-1.2 mm thick) 
within the finish coat, whereas,  

(d) Stucco D2 has (i) neat polymer (1A, 0.1-0.2 mm thick), (ii) polymer 
with crushed sand, talc filler, and irregular voids (1B, 0.1-0.4 mm 
thick), (iii) cementitious with subangular to rounded silica sand (1C, 
0.4-0.6 mm thick), (iv) polymer with calcite filler/irregular voids (#2, 
0.6-0.8 mm thick), and (v) dark gray cementitious coat (#3, 0.6-1.2 mm 
thick) within the finish coat.  

After all these finish coat layers, both samples have compositionally similar 

polypropylene-fiber-reinforced air-entrained crushed silica sand and 

Portland cement based main bodies 

Stucco Base No embedded metal, directly applied over concrete masonry units 

Overall Sample 
Dimensions 

21 to 25 mm thickness 

Stucco Sand 

1-mm nominal size crushed silica sand compositionally similar in both samples 
and containing major amounts of quartz and subordinate amounts of quartzite and 
feldspar; particles are well-graded, well-distributed, and have been sound during 
their service in the stucco coats, sands are judged to conform to the grading 
requirements of ASTM C 144 for masonry sand.  

Stucco Binder 
The stucco coats are made using Portland cement as the sole cementitious 
material, estimated w/c are 0.45 to 0.50. Carbonation patchy throughout body 
and especially at the underside bottom end.  

Air 
Air entrained - air contents are similar in both samples and are estimated to be 8 
to 12 percent 

Bonds between the 
coats 

Finish coat is partially de-bonded from the main stucco body or de-bonded within 
its own multiple layers 

Macro-cracking Sample A has more visible cracks than sample D2 

Micro-Cracking 
Vertical shrinkage microcracks are present within the main stucco body due to 
loss of water at the plastic or semi-plastic state 
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Stucco 
Expanded Metal Lath 
Diamond 
Reinforcement in 
Stucco 

Not present 

Overall Condition of 
Stucco 

Severe cracking and partial debonding of finish coat in Sample A and less cracking 
and partial de-bonding of finish coat in Sample D2  

Concerns 

• Multiple layers in the finish coat 
• Shrinkage microcracking within stucco due to loss of water at plastic or semi-

plastic state 
• Carbonation at the base of stucco due to a possible air gap between stucco and 

underlying concrete masonry unit   
ASTM C 926 
Recommended 
Nominal Thickness of 
2-coat Plaster 
Thickness (mm) Over 
Cast in place or pre-
cast Concrete 

Total thickness of two stucco samples are 21.7 mm for Sample A from the 5th floor 
of north elevation, and 25.2 mm thickness for Sample D2 from the 3rd floor of 
south elevation. Both these thicknesses are very close to (for Sample A) or 
exceeded (for Sample D2) the common industry (e.g., ASTM C 926)-recommended 
minimum 22-mm (7/8 in.) thickness of a stucco containing expanded metal lath 
diamond reinforcement. Both stucco pieces, however, do not contain any 
embedded metal lath reinforcements. 

 

CONCLUSIONS 

COMPLEX LAYERING OF FINISH COAT 

The reported de-bonding of the finish coat of stucco, besides the reported suspicion of moisture being the cause of 

debonding, is found to be due to complex multiple layering of finish coat where as many as four (in Sample A) to 

five (in Sample D2) different layers are detected within the finish coat which are either polymer-based or 

cementitious.  

Sample A from 5th floor north elevation shows: (a) a neat acrylic paint coat (marked as Layer 1A), (b) a paint coat 

with crushed quartz filler and many entrapped voids (marked as Layer 1B), (c) a paint coat with crushed calcite and 

very fine talc fillers and many entrapped voids (marked as Layer 2), and (d) a dense, essentially air-free, dark gray 

cementitious coat of very low water-cement ratio Portland cement paste (marked as Layer 3). Besides the marked 

difference in compositions of acrylic and cementitious coats in the finish coat, the acrylic coat itself showed some 

difference in chemical compositions between the acrylic layers in terms of the composition of the acrylic binder 

and the mineral fillers used.  

Sample D2 from the 3rd floor south elevation shows: (a) a neat acrylic paint coat (marked as Layer 1A), (b) a paint 

coat with crushed quartz filler and many entrapped voids (marked as Layer 1B), both of which are similar to the 

ones found in Sample A but with an additional (c) cementitious coat of very fine rounded quartz filler and Portland 

cement paste and abundant spherical entrained air voids (marked as Layer 1C), after which occurs (d) the paint coat 

with crushed calcite and very fine talc fillers and many entrapped voids (marked as Layer 2), which is also found in 

Sample A, and finally (e) a dense, essentially air-free, dark gray cementitious coat of very low water-cement ratio 



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Failure of Stucco Cladding in a Condominium Complex, Charleston, SC 64 

 

Portland cement paste (marked as Layer 3), which was also found in Sample A. Besides the marked difference in 

compositions of acrylic and cementitious coats in the finish coat, the acrylic coat itself showed some difference in 

chemical compositions between the acrylic layers in terms of the composition of the acrylic binder and the mineral 

fillers used.  

These complex layering of the finish coat, as opposed to a relatively simple application of a finish coat of essentially 

uniform composition (e.g., of acrylic paint with one mineral filler) has resulted in tensions between the layers of 

different compositions and hence developed some within-layer separations that are revealed in micro-scales in 

fluorescent dye-mixed epoxy-impregnated thin sections of stuccos.  

NONBREATHABLE FINISH COAT 

The acrylic layers (#1A, 1B, and 2) as well as the dense low water-cementitious materials ratio dense Portland 

cement paste layer (#3) prevent moisture transmission to and from the stucco to the environment making the stucco 

layers essentially nonbreathable especially when moisture accumulates beneath the stucco, as has already been 

reported as the reason for stucco failures. The blisters on the stucco walls are the direct consequence of moisture 

entrapment beneath the nonbreathable finish coat containing multiple layers of dense nonbreathable acrylic and 

dense cementitious coats.   

LOSS OF MOISTURE FROM STUCCO 

Petrographic evidence show a delay in the application of the finish coat after the main stucco body (i.e. the base or 

scratch coat of the stucco) was applied. The most powerful evidence of atmospheric exposure of the stucco prior to 

the application of multiple finish coat layers are: (a) soft, carbonated friable nature of the Portland cement paste at 

the exposed side of the stucco body, beneath the finish coat’s layers which shows evidence of loss of mix water 

from stucco as well as patchy carbonation of paste due to exposure of atmospheric carbon dioxide before the finish 

coat application, and (b) many fine vertical or diagonal shrinkage microcracks within the stucco body that are 

abruptly truncated against the finish coat and developed at the plastic or semi plastic state before the application of 

finish coat. These evidence indicate a relatively weak stucco surface on which the finish coat was applied where 

the finish coat was not securely integrated into the stucco body to develop a strong bond. As a result, most of the 

debonding is found to be either at the interface between the finish coat and the main stucco body, or within the 

finish coat itself due to its multiple layering of different compositions as mentioned.  

Another petrographic evidence that questions the bond of the stucco to the underlying concrete masonry base is 

carbonation of the underside of stucco found in both samples, which indicates a possible air gap between the stucco 

and concrete masonry base. Due to the inherent absorptive nature of concrete masonry units there is a possibility 

of loss of mix water of stucco to the absorptive concrete masonry base unless the masonry base was prewetted 

before the stucco application. The observed fine shrinkage microcracks within the stucco body as described above 

and judged to be due to loss of mix water of stucco to the atmosphere before the application of finish coat (especially 
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since those microcracks are abruptly truncated against the finish coat layers) could also develop from loss of mix 

water from the stucco to the underlying absorptive concrete masonry base.  

As a result, other than the obvious conclusion from field survey of moisture entrapment beneath the stucco layers 

being the cause of observed blistering and de-bonding of finish coat of stucco, petrographic examinations provided 

three additional evidence that can also contribute not only to the reported de-bonding of finish coat but also to the 

observed cracking: (a) application of multiple layers of finish coat, e.g., from acrylic-only to acrylic with different 

mineral fillers to dense cementitious compositions of very different properties; (b) overall nonbreathable natures of 

finish coat layers that will entrap moisture behind the coats to promote blistering and eventual de-bonding of finish 

coats; and (c) loss of mix water of stucco to the atmosphere and/or to the underlying absorptive concrete masonry 

base.  

STUCCO COMPOSITION 

The main stucco body is air-entrained (estimated 8 to 12 percent air) and made using well-graded, well-distributed, 

sound, fine silica sand of 1 mm nominal size, and Portland cement paste of estimated water-cement ratio of 0.45 

to 0.50 (similar in both samples). There is no evidence of any chemical deterioration of stucco itself to cause the 

observed cracking or reported de-bonding.   
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The above conclusions are based solely on the information and samples provided at the time of this investigation.  The conclusion may expand 
or modify upon receipt of further information, field evidence, or samples. Samples will be returned after submission of the report as requested.  
All reports are the confidential property of clients, and information contained herein may not be published or reproduced pending our written 
approval. Neither CMC nor its employees assume any obligation or liability for damages, including, but not limited to, consequential damages 
arising out of, or, in conjunction with the use, or inability to use this resulting information. 



 CONSTRUCTION MATERIALS CONSULTANTS, INC.  

Failure of Stucco Cladding in a Condominium Complex, Charleston, SC 66 

 

 
 

 
 

 

 
END OF REPORT1 

 
 
 
 

                                                   

1 The CMC logo is made using a lapped polished section of a 1930’s concrete from an underground tunnel in the 
U.S. Capitol. 


