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Executive Summary 

The Massachusetts State Building at the Eastern States Exposition is a two-story building with 

multi-wythe brick masonry walls with wood trim accents. A cupola with exterior wood cladding , 

two flat-seam metal roofs , and a copper dome rises above the center slate roof. The roof 

systems are steep-sloped slate roofing in the main section of the building , low-sloped EPDM 

roofs on the wings of the building , and small areas of metal roofing above the east and west 

entrances and the cupola. The building has an open floor plan used for vendors during the 

annual "Big E" fair, with a small office/conference room space on the east side of the second 

floor. Leakage is reported in the office space at the window, below the cupola and below two 

roof vents in the EPDM roof. The objective of this report was to determine the source of the 

leaks, provide a genwal survey on the condition of the building envelope components, and 

provide a study report with repair recommendations. 

We found that the mortar joints in the brick masonry are deteriorated and there are areas where 

the wood cladding, wood trim, and wood windows are rotted . The leaks at the office space are 

caused by water infiltrating the brick masonry above the windows and at the parapets because 

of a lack of through-wall flashings in the masonry. At the cupola , water enters at the windows, 

through the wood cladding, and through the upper standing-seam metal roof. We observed 

many cuts in the EPDM roof system, and though we did not observe a leak through the vents as 

reported, we did observe another leak at the northwest corner of the building. 

We recommend the following general repairs to address the leakage and deterioration: 

• Repair the brick masonry on the east and west elevations in one of the three options 
listed in the report. Elsewhere, point the mortar joints and cracks in the brick masonry 
walls . 

• Replace the deteriorated wood and repaint all wood surfaces. 

• Replace the two rotted windows on the east elevation. 

• Provide isolated repairs at the slate roof. 

• Replace the EPDM roof with a new four-ply built-up roof. 

• Replace one of the standing-seam metal roofs at the cupola with a flat-seam metal 
roof. 

• Make isolated repairs to the remaining standing-seam metal roof and copper gutters. 
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1. INTRODUCTION 

1.1 Background 

The Massachusetts State Building at the Eastern States Exposition is a two-story building with 

multi-wythe brick masonry walls with wood trim accents (photo 1). A cupola with exterior wood 

cladding , two flat-seam metal roofs, and a copper dome rises above the center slate roof. The 

cupola has two levels, both of which have railings and windows. 

The roof systems are steep-sloped slate roofing in the main section of the building , low-sloped 

EPDM roofs on the wings of the building, and small areas of metal roofing above the east and 

west entrances and the cupola . The building has an open floor plan used for vendors during the 

annual "Big E" fair, with a small office/conference room space on the east side of the second 

floor. 

Note that the main entrance of the building faces the northeast direction . For this report, we 

refer to the main entrance elevation as the "east" elevation and other elevations accordingly. 

1.2 Objective 

The objective of our investigation was to determine the sources of leakage through the exterior 

walls and roofs, perform a general condition assessment of the exterior envelope, and present 

our findings and recommendations in a study report. 

1.3 Scope of Work 

Our scope of work is as follows: 

• Review background documents of the building for information regarding the original 
construction and recent repairs . 

• Perform an investigation of the exterior walls, windows, low-sloped EPDM roofs, and 
cupola . The investigation includes a visual survey of the exterior brick masonry, 
windows, roofs, and wood elements ; water testing of the brick masonry and low-sloped 
roofs; and exploratory openings in the brick masonry and low-sloped roofs . 

• Prepare a report summarizing the existing condition of the exterior enclosure, results of 
water tests , observations at exploratory openings, conclusions about the cause of 
leakage and deterioration, and recommendations for repairs . 
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2. DOCUMENT REVIEW 

2.1 Contract Drawings 

We reviewed the building drawings that we received from you , which include drawings for an 

addition dated 16 August 1957, and drawings of continued building maintenance dated 

27 July 1962, 16 May 1986, and 5 March 1999. We did not receive the original construction 

documents for the building. The referenced drawings below are included in Appendix B of this 

report. 

The drawings dated 16 August 1957 are for the expansion of the east and west wings to 

increase the total footprint of the building. (Note that the "east" and "west" elevations shown in 

this drawing set differ from the directions [orientation] used in subsequent drawing sets. The 

"east" and "west" elevations described in this 1957 drawing set are referred to as the "south" 

and "north" elevations in this report, respectively.) The drawings show that the new masonry 

walls are 12-1/2 in. wide multi-wythe brick masonry. The decks of the new roofs are sloped 

toward the gutters. 

The drawings dated 16 May 1986 show replacing the lower roof systems with a single-ply 

membrane and the gutters at the perimeter of the lower roofs with 20 oz lead coated copper. 

The drawings state that the lower roofs that were part of the original construction are wood 

decks and that the roofs that were constructed as part of the 1957 additions are 2 in. thick 

gypsum decks. 

The drawings dated 5 March 1999 show maintenance repairs at many areas of the building . 

The scope of repairs to the exterior building envelope includes the following: 

• The slate roof, metal step flashings at rising walls , and the metal gutters at the roof 
eave of the slate roof were replaced. 

• The masonry at the top of the gable on the east and west elevations was pointed and 
metal cap flashings were installed above the parapets. The drawings include one note 
to install waterproofing on the masonry parapets above the roofline at the west 
elevation. 

• New statues, a lion and a unicorn , were installed on top of the east elevation parapets. 
The existing scrolls on the west elevation parapets were refurbished and reinstalled. 

• The wood elements, such as the columns at the porticos and the wood cladding and 
windows at the cupola, were repainted. All wood balustrades at the perimeter of the 
lower roof and at the cupola were replaced. 
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• 

• 

• 

• 

The round windows on the west elevation were replaced. 

Open seams in the existing metal roofs at the cupola , including the top dome, were 
repaired. 

Down leaders were replaced. 

The replacement of the single-ply membrane lower roof was listed as an alternate; we 
do not know if the roof system was replaced . 
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3. INFORMATION OBTAINED FROM OTHERS 

During a site visit on 16 April 2010, we met with Theodore Anthony and Deborah Kennedy from 

DCAM. They provided us with the following information regarding the building : 

• The office space on the second floor of the building is heated and occupied year round. 
The remainder of the building is only used for special events during the year and is 
unheated . 

• Water actively leaks into the office space around one of the windows on the second 
floor during wind-driven rain. This is the only active liquid water leak in the building at 
this time. 

• The inside face of the masonry wall is water stained just below the rake edge of the 
roof at the back (west end) of the building. No leakage is reported here, but the stains 
appear to have gotten worse over the last few years . 

• Leakage was reported below the center copper cupola in the past, but Titan Roofing 
made some repairs to the copper cupola relatively recently, and no leakage has been 
reported since that time. 

• Several roofing slates break off the main roof each year and fall onto the lower roofs. 
Broken slates are replaced on the roof on a regular basis . Evaluating the slate roof is 
not part of our assignment on this project. 

At the pre-investigation meeting on 25 April 2011 , we met with Theodore Anthony and Deborah 

Kennedy from DCAM and Mary Jordan and Howard Vinoon of the Massachusetts Department 

of Agricultural Resources (users of the second-floor office space). They provided us with the 

following information: 

• Deteriorated wood was repaired and the glass was replaced in the cupola sometime 
within the last 10 yrs . The wood was painted last year, but it continues to deteriorate. 

• As part of the repair work within the past 10 yrs, all window sashes were replaced , but 
some windows (including the smaller round windows) are deteriorated again already. 
Also , the wood balustrades and slate roof were replaced at that time. 

• In addition to the leak at the masonry wall and windows on the front (east) elevation , 
there are three new additional leaks through the building envelope that have appeared 
since April 2010. There is a leak at the cupola and leaks at vents on both EPDM roofs . 
The source of the leak at the cupola (through the windows, wall , or roof) is unknown. 
The leak at the vents only occurred during the winter when the snow was above the 
roof vents. The vents do not leak during typical rainstorms. 
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4. FIELD INVESTIGATION 

Annemarie L. Rabazzi and Laura R. Kellett of Simpson Gumpertz & Heger Inc. (SGH) 

performed an investigation of the exterior walls, windows, and EPDM roofs on 25 and 

26 April 2011. Ms. Rabazzi and Philip Moser of SGH returned on 30 June 2011 to observe roof 

openings and perform an exterior survey and water tests at the wood cupola . 

4.1 Interior Observations 

We observed the following during our interior survey: 

• Heavy staining and blistering paint cover significant areas on the inside face of the 
masonry wall on the east elevation below the roof deck (Photo 2). 

• The wood beams that support the steep-sloped roof system are embedded into the 
brick masonry walls. Drip stains are visible on the wood beam adjacent to the masonry 
wall on the east elevation (Photo 3). 

• The small round wood windows on the east elevation in the attic space are rotted and 
heavily stained (Photo 4). 

• The inside face of the brick masonry wall on the west elevation has severe 
efflorescence and stains especially below the round window (Photo 5) . 

• In the office on the second floor, east elevation , the wood window frames and interior 
finishes are water stained and damaged (Photo 6) . 

• There is brown staining around the vents on the underside of the roofs on the north 
and south wings (Photo 7). Large trash barrels are below the vents to the collect water 
when it leaks. 

• There is an efflorescence stain on the brick masonry in the northwest corner of the 
building (Photo 8) . 

• There is staining on the interior wood sills of the windows in the cupola , at both the 
double-hung windows and the round windows in the cupola (Photos 9 and 10). 

• There are water stains on the bottom wood deck level of the cupola (Photo 11) and 
below the upper level of the cupola (Photo 12). 

• There is staining between horizontal board joints in the wood cladding of the cupola 
(Photo 13). 

4.2 Exterior Observations 

We surveyed the condition of the exterior walls , windows , and roofs . Our observations are 

described below. See Appendix A for our field observations located on building elevations. 
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Brick Masonry Exterior Walls 

The exterior wall systems are multi-wythe red brick masonry with painted wood elements at the 

roof eaves, columns, and railing balustrades. The brick masonry is set in English bond , with 

mortar joints approximately 5/8 in. to 3/4 in. wide. Brick band courses, which extend 

approximately 1 in. out from the main face of the masonry, are located at the second floor and 

at the gable roof on the east and west elevations (Photo 14). A sloped mortar wash is installed 

over the band course. The Massachusetts crest with a concrete eagle over the emblem is set in 

the masonry at the parapet on the east elevation (Photo 15). Copper cap flashings are installed 

over the brick masonry parapet walls at the gable ends. 

The mortar joints in the brick masonry are typically deteriorated , crumbly, and recessed 

(Photo 16). Some areas have been repointed, but the pointing mortar is typically smeared on 

the face of the original mortar joint and in some cases falling out (Photo 17). Our general 

observations regarding the brick masonry are as follows: 

• The mortar joints are recessed and deteriorated (Photo 16). We observed holes and 
cracks in the mortar joints and separation of the mortar and brick masonry at some 
locations (Photos 18 and 19). The condition of the mortar joints is worse (more severe 
deterioration) at the areas above the iow-sloped roofs, at the upper level on the west 
elevation, at the parapets on the east and west elevations, and below some windows. 

• The pointing mortar is falling out of the joints in some locations (Photo 17). Also , the 
color of the pointing mortar varies and typically does not match the original mortar 
color. 

• There are large vertical step cracks in the brick masonry at the southeast and 
southwest corners of the building (Photo 20) . There are also cracks in the brick 
masonry between the original building and the 1957 additions on the north and south 
elevations. Smaller cracks in the brick masonry are typical at the window head corners 
at the north and south elevations (Photo 21). 

• The mortar jOints in the band courses at the east and west elevations are typically 
deteriorated (Photo 22). Areas of the mortar wash above the band course are cracked. 

• At the west parapet wall , the metal cap flashing over the highest wall is loose 
(Photo 23). 

• There is heavy staining on the brick masonry walls below the vertical steps in the 
parapet (Photo 24). At the west elevation, this aligns with the efflorescence staining on 
the interior (Photo 5) . 

• There is a crack around the perimeter of the Massachusetts crest on the east 
elevation. The crack is between the brick masonry and the crest. The eagle over the 
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• 

emblem is deteriorated, and a hole in the head of the eagle is filled with sealant 
(Photo 25). 

Embedded steel anchors in the masonry are corroded; the corroded anchors are 
particularly noticeable at the vertical surfaces of the parapets on the east elevation 
where the anchors for the original decorative features were not removed before 
installation of the lion and unicorn (Photo 26). 

Metal flashing is installed at the base of the masonry walls where the walls rise above lower 

roofs. Copper flashing is installed above the low-sloped single-ply membrane roof (Photo 27), 

and lead flashing is installed on the parapet walls above the slate roof (Photo 28) to 

counterflash the roof systems. Both the copper and lead flashing are installed in a reglet in the 

brick masonry and have sealant installed over the reglet (Photos 27 and 29). 

Wood Cladding 

The exterior walls of the cupola are clad with tongue-and-groove wood panels that are sealed at 

the horizontal joints and painted (Photo 30). (The sealant we observed in the joints may be 

excess paint in the joints; we could not determine this from examination in the field.) At the 

corners , faux wood columns made of wood trim (top two levels) or wood quoins (bottom level) 

are installed over the wood cladding at the corners (Photos 31 and 32). Metal flashing at the 

base of the walls is installed below the wood cladding to counterflash the roof system below. 

The paint on the wood cladding is blistering and peeling at some areas (Photo 33), and the 

sealant joint installed between wood boards is missing at some locations (Photo 34). However, 

the tongue-and-groove panels are in decent condition overall , with minimal surface rot. We did 

not observe widespread areas where the wood cladding is soft when we probed it (softness 

would indicate rot) ; we did observe areas where the wood has expanded, indicating 

deterioration, particularly near the bottom of the cupola (i.e. , near the slate roof) (Photo 35). 

This appears to be older damage because paint has been applied over the deteriorated wood ; 

the deteriorated wood was not repaired during the last maintenance project before the paint was 

applied. 

The wood quoins at the corners of the cupola are generally in good condition, with small areas 

of soft wood on the sky-facing surfaces (Photo 36). Near the bottom of the cupola , some wood 

quoins are rotted (Photo 37) . One piece of wood is missing at the northeast corner (Photo 38). 
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Wood Features and Trim 

The wood elements on the building include the roof eaves below the gutters, the faux columns 

at the first floor of the building (approximately 1 in. thick wood trim attached to the brick masonry 

to look like a column), the columns below the north and south roofs and at the main entrance 

(these appear to be load-bearing columns, though we are not certain of the column 

composition) , and the railings and balustrades above the EPDM roofs and metal roofs at the 

cupola. We performed a visual survey of the wood trim , and probed sample locations to 

determine whether the wood was soft, which would indicate rot. We observed the following 

areas of deteriorated wood elements (excluding windows, which are discussed below): 

• The bottoms of some wood columns on the north , south, and east elevations below the 
porticos are rotted (Photo 39). The square bases of the columns on the north and east 
elevations are constructed of wood ; the joints at some the corners are open and the 
wood is rotted (Photo 40). The square bases of the columns on the south elevation are 
metal , but the wood just above the metal base is severely rotted (Photo 41). 

• Some faux wood columns around the perimeter of the building have small areas of rot, 
usually near the bottom of the column (Photo 42). 

• One balustrade at the edge of the low-sloped south roof is rotted (Photo 43). 

• We observed some small areas of rot in the railing around the cupola (Photo 44). 

• The paint on the horizontal rail around part of the EPDM roof is beginning to chip 
(Photo 45). We also observed some cracks in the wood (Photo 46), and some joints in 
the wood balustrades are open. 

• The paint on the railings and balustrades at the cupola are chipping, and the joints in 
the wood of the balustrades cupola are generally open. Sealant joints over joints in the 
balustrade are deteriorating (Photo 47). 

• Areas of wood fascia and dentil molding below the gutters for the slate roof and 
low-sloped roof are stained ·and deteriorated (Photo 48) . 

• The edge of the wood eaves below the standing-seam metal roofs at the cupolas is 
deteriorated at some areas (Photo 49). 

• There is rotted wood at the end of the arch above the second-floor center window at 
the east elevation (Photo 15). 

Wood Windows 

The windows are constructed of wood frames and sashes and single-pane glass with a film 

coating applied to the exterior surface. The individual window panes are set in wood cames 

without weatherstripping or sealant. The window systems are typically double-hung windows , 
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except for the round fixed windows and the square windows on the first floor (Photo 1). We did 

not see a window head or sill flashing extend beyond the exterior surface of the masonry or 

wood cladding. 

We performed a visual survey of the wood windows, and probed sample locations to determine 

whether the wood was soft, which would indicate rot. The wood components of the windows 

typically appear to have minimal surface deterioration. The windows set in masonry on the 

north and south elevations have some protection from the weather from roof overhangs; we 

observed little areas of rot at these windows. The paint at the wood windows at the cupola is 

cracked in many areas, particularly at the intermediate wood cames, but the wood behind the 

cracked paint felt solid where we probed it (Photo 50). We observed the following: 

• The frames and sashes of the round windows set in the brick masonry on the east 
elevation are rotted . At one of the round windows, sealant was installed in place of 
wood (Photo 51). 

• Other windows set in masonry on the east and west elevations have small areas of rot, 
particularly at the window heads (Photo 52). 

• The sill of a double-hung window on the east elevation of the cupola is rotted 
(Photo 53). 

The windows set in the brick masonry have a perimeter sealant joint between the window and 

masonry. The perimeter sealant joints between the window frames and brick masonry typically 

appear to be a urethane sealant because of the crazed and chalked surface , but samples of the 

sealant would have to be tested to confirm this. The sealant is crazed in some locations, but 

still adhered to the window and masonry (Photo 54). In a few areas, we observed some 

cohesion failures in the sealant joint with the brick masonry (Photo 55). 

The windows in the cupola have a very thin sealant joint between the wood window frame and 

the wood cladding. At some windows, the sealant jOint is either missing or debonded, and the 

joint in the wood is open (Photo 56). 

At one window on the west elevation , the coating applied to the glazing is cracked and has 

failed (Photo 57) . 
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Roofing 

Our observations about the three types of roofing systems on the building (slate, EPDM, and 

metal) are summarized below along with our observations about the gutter systems that service 

these roofs . 

Slate Roofing and Gutters 

Slate is installed over the steep-sloped roof in the center of the building, which drains into 

copper gutters installed at the roof eaves (Photo 58). We did not analyze the slate roofing 

system in detail because we understand that the slate roof was replaced in 1999, which is 

relatively recently for a slate roof (12 yrs old is relatively young for a slate roof). We did note 

areas where the slate is broken or missing (Photo 59) and one open step flashing behind the 

west parapet. 

The rainwater runoff from the slate roofing is collected in a metal gutter at the roof eave and 

drained to the lower roofs by down leaders . The wood below the gutters is stained in some 

locations (Photo 48) , indicating that the gutter system leaks. The down leaders are attached to 

the building wall , bend 90°, and then extend approximately 10ft onto the lower roof where the 

water drains onto the EPDM roof surface (Photo 60). The horizontal section of the down 

leaders is often damaged because of falling snow from the slate roof. 

EPOM Roofs 

The low-sloped roofs are covered with a single-ply EPDM membrane. The roofs drain over the 

outer edge of the roof into a gutter and down to grade via down leaders (Photo 61) . We 

observed the following at the low-sloped EPDM roofs : 

• Many cuts in the membrane. Some of the openings are likely due to slate falling from 
the roof above (Photo 62). We observed one location where a cut in the membrane 
was repaired with roofing cement, but the hole in the EPDM opened up again through 
the roofing cement. 

• Many edges of the EPDM seams are unadhered , particularly at the vents and at the 
roof eave (Photos 63 - 65). We did not see any locations where the seam was 
unadhered through the entire thickness of the overlap. 

Gutters 

The horizontal straps and front edge of the sheet metal gutters at the edge of the low-sloped 

roof are deformed at some areas (Photo 66) . The horizontal straps of the gutters are either 
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mechanically attached or only soldered to the front edge of the gutter; some of the soldered 

straps are broken at the solder joint (Photo 67). Water collects in the metal gutter at some 

areas, indicating that the gutters do not effectively slope to drain (Photo 68). We also observed 

some cracked solder joints in the gutter (Photo 69). 

Flat-Seam Metal Roofs 

Small flat-seam metal roofs are installed at the portico over the main entrance on the east 

elevation (Photo 70) and above the entrance on the west elevation. We did not observe any 

open seams or signs of leakage below these areas. 

Standing-Seam Metal Roofs 

Two standing-seam copper roofs are installed at the cupola, one at each balcony railing level 

(Photos 71 and 72). The standing-seam copper roofs are installed on a sloped surface and are 

counterflashed by metal flashing at the base of the wood-clad wall. The copper roof continues 

under the large base of the wood balustrades, and turns up approximately 1 in. at the 

connection between wood deck and the balustrade. We observed the following at the metal 

roofs: 

• There are cracked solder joints at the ends of the standing seams at the roof eaves of 
the lower and upper flat standing-seam copper roofs (Photo 73). 

• At the upper standing-seam copper roof, sealant is installed over some of the standing 
seams (Photo 74). 

• The slope of the upper roof appears to be very shallow (Photo 75). 

Copper Dome 

The copper roof at the top of the cupola is constructed of bent standing-seam copper dome over 

a flat-seam copper roof at the edges (Photo 76) . The copper appears weathered , but we did not 

observe any staining below the cupola dome and did not observe any obvious holes or open 

seams in the copper roof. 

Decorative Features 

Decorative features (i.e ., statues) are installed on the parapets at the corners of the building. 

On the east elevation , there is a unicorn at the north corner and a lion on the south corner 

(Photo 77). On the west elevation , ornate spiral decorations are installed at each corner 

(Photo 78) . 
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The unicorn and lion are anchored to the precast concrete capstone, the masonry parapet, and 

the sloped roof structure (Photo 79). A metal through-wall flashing is installed below the precast 

concrete capstone (Photo 80). The vertical leg of the metal flashing below the precast concrete 

is installed in a reglet in the brick masonry, and the joints in the flashing are sealed together with 

sealant. 

The decorative features on the west elevation appear to be made of sheet metal, but they are 

covered with many layers of paint, which makes it difficult to determine the construction without 

cutting into them (Photo 81). We observed some small holes in these decorative features that 

allow water to enter inside the feature; however, we cannot determine whether the metal cap 

flashing is continuous below the feature or whether leakage water can travel directly into the 

masonry wall below (Photo 82). If the metal cap is continuous, the leakage water may remain 

trapped inside the hollow feature. The west-elevation pieces have been painted many times 

without the bottom layers of paint first removed. 

4.3 Field Testing - General 

During our field investigation , we performed the following: 

• Water tests at the exterior masonry walls and low-sloped roofs to verify sources of 
leakage. The water tests were performed using a multiple-nozzle spray rack to 
simulate a soaking rain. 

• Water tests at the cupola to verify sources of leakage; tests were performed using an 
AAMA nozzle to isolate certain building features. 

• Exploratory openings in the brick masonry to document existing conditions. 

• Exploratory openings in the EPDM roof to document existing conditions and determine 
if the materials below the roof membrane is wet. 

The drawing in Appendix A identifies the locations of the water tests and exploratory openings. 

Our water tests and sample openings are described in the next sections. 

4.4 Water Tests 

We performed ten water tests while on site and labeled them "WT -1" through "WT -10" in the 

order in which they were performed. Once again, the location of these water tests is shown in 

Appendix A (attached). The water tests (WT-1 to WT-10) are described below. 
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Exterior Wall 

We water tested the brick masonry above the second-floor window on the east elevation 

(WT -1). We covered the second-floor window and the round third-floor window with plastic and 

sprayed the brick masonry for over 1 hr (Photo 83). The second-floor window sill corner was 

minimally wet from water entering between the operable window and frame, but we did not 

observe heavy leakage from the second-floor window head where heavy leakage was reported. 

However, we did observe heavy leakage at the head of the first-floor window below the water 

test which was not previously reported (Photo 84). At the first-floor window, we observed water 

entering between the steel lintel and masonry. 

We raised the spray rack to test the masonry above the round window while still keeping the 

plastic on both windows (WT-2) (Photo 85). We observed water heavily dripping into the 

second-floor window head at the wood frame within 10 min. of starting the water (Photo 86). 

We also observed a lot of water entering at and around the third-floor small round window 

(Photo 87). Water entry locations at the third floor include 1) between the wood frame and 

window sash, 2) between the wood frame and brick masonry, 3) through the masonry below the 

window, and 4) through the masonry above the window. 

We water tested the back of the east masonry parapet wall (WT-3) (Photo 88). Within 7 min. of 

starting the water, we observed severe water leakage into the attic space along the entire length 

of the wall-to-roof transition (Photo 89). Water entry was particularly heavy at the wood beam 

embedded into the masonry wall (Photo 90). 

Low-Sloped Roofs 

We water tested the roof membrane at a vent on the north roof which has reportedly leaked 

during winter months (WT-4) . We sprayed the roof membrane and the vent with a spray rack 

for over 1 hr and did not observe water entering to the interior at the vent (Photo 91). However, 

we did observe water leaking behind the exterior wood fascia behind the northwest down leader 

(Photo 92). Water running down the face of the masonry soaked through the brick masonry and 

entered to the interior at the white stain at the northwest corner of the building (Photo 93). The 

paint on the wood fascia behind this down leader is peeling , and the wood is likely rotted. The 

location of the leak is inboard of the gutter, indicating that this is a roof leak and not a gutter 

leak. We performed isolation water tests at two different small openings in the membrane with 

an AAMA nozzle (Photo 94). During these isolation tests , we observed water slowly dripping 
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behind the wood fascia and into the interior again , but it did not leak as heavily as during the 

spray rack water test. 

Cupola 

We water tested many of the building envelope elements of the cupola , including the exterior 

walls , windows, and a standing-seam metal roof. The water tests and results are described 

below. All tests were performed using an AAMA nozzle. 

• WT -5 : We water tested the wood siding below the sill of the north-elevation window 
and did not observe water entering to the interior (Photo 95) 

• WT -6 : We sprayed the wood sill of the north window (Photo 96). Within 10 min., we 
observed water entering at the center vertical mullion at the sill of the operable window 
(Photo 97). 

• WT-7: We water tested the wood siding at an area of missing sealant joints between 
boards in the wood cladding (Photo 98). Water entered to the interior at the joint 
between the wood cladding and the wood window frame within 15 min. of starting the 
test (Photo 99). 

• WT-8: We water tested the small round window on the west elevation (Photo 100). 
Water leaked between the glass and the frame , and collected on the wood sill below 
the window (Photo 101). 

• WT-9: We water tested the standing-seam metal roof at the northwest corner of the 
upper roof (Photo 102). We observed heavy leakage below the roof within 2 min. of 
starting the water test (Photo 103). 

• WT -10: We water tested the base of the wood-clad wall at the transition to the 
standing-seam copper roof. We did not observe leakage after 10 min. of water testing . 

4.4.1 Sample Exploratory Openings 

We made two sample exploratory openings in the brick masonry walls and six sample openings 

in the EPDM roofing system. Masons from Cenaxo assisted us with making and repairing the 

masonry openings. Mechanics from Titan Roofing Company assisted us by making and 

repairing sample openings in the EPDM roofing . The brick masonry and EPDM roof openings 

are numbered in the order in which they were taken. The masonry openings are labeled M 1 

to M2, and EPDM roof membrane openings are labeled R1 to R6 . The location of the sample 

openings is shown in Appendix A. 
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Exterior Wall 

We made a brick masonry opening at the head of a second-floor double-hung window on the 

west elevation (M 1) (Photo 104). The construction is similar to the double-hung window that 

leaked during the WT-1 water test on the east elevation. We observed a slightly corroded steel 

lintel above the window (Photo 105). The toe of the lintel is buried behind the wood window 

frame and the brick masonry. The lintel is not covered with a flashing. Water that collects on 

the steel lintel directs water into the window frame. We collected a sample of mortar from this 

opening to tie tested for mortar components if necessary. 

We made another brick masonry opening above the counterflashing between the slate roof and 

the back of the masonry parapet wall (M2) (Photo 106). The lead counterflashing is tucked into 

the bed joint of the brick masonry approximately 1/2 in . to 3/4 in ., and a sealant joint is installed 

over the mortar in the bed joint. The lead counterflashing lacked an upturned leg (Photo 107). 

Low-Sloped EPDM Roofs 

We made six roof openings in the EPDM roof system. The roof system components varied 

depending on the location of the roof opening . 

The original roof system, which is installed on eastern end of the lower wings , consists of the 

following : 

• Sloped wood deck. 

• 1-112 in. of rigid insulation mechanically attached to the wood deck. 

• EPDM membrane adhered to the insulation . 

The roof over the 1957 addition is constructed of the following : 

• Gypsum roof deck, approximately 2-1/2 in . thick. In some of the sample openings we 
made, there were materials other than gypsum. The gypsum roof material was mixed 
together with another material, which appears to be lightweight concrete . 

• Vapor retarder consisting of two plies of modified-bitumen roof system adhered to the 
deck. 

• 1-1 12 in. of rigid insulation adhered to the vapor retarder. 

• EPDM membrane adhered to the insulation . 
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The locations and results of all the roof openings are shown in Table 1. 

Table 1 - EPDM Membrane Sample Opening Results 

Opening 
No. Opening Location Observations 
R1 • North roof. • Building materials are dry. 

• Part of 1957 addition . • The roof deck is severely damaged (Photo 108). 
• Near down leader where we The roof deck appears to be a mix of both 

observed interior leakage gypsum and lightweight concrete. 
during a water test. 

R2 • North roof. • Building materials are dry. 
• Part of 1957 addition. 
• Near vent where leakage is 

reported. 
R3 • North roof. • Roof insulation is wet, but the roof deck (below 

• Part of 1957 addition . the vapor retarder) is dry (Photo 109). 

• At hole in EPDM membrane. 
R4 • South roof. • Building materials are dry (Photo 110). 

• Original roof system. 
• In field of roof. 

R5 • South roof. • Building materials are dry. 
• Original roof system. 
• At rising brick masonry wall. 

R6 • South roof. • Building materials are dry. 
• Part of 1957 addition. • The roof deck is slightly deteriorated (Photos 111 
• At rising brick masonry wall. and 112). 

• The roofing materials are installed directly on the 
brick masonry. 

• There is an approximately 1-1/4 in. wide 
expansion joint between the brick masonry wall 
and gypsum deck. 
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5. DISCUSSION 

5.1 Solid Barrier Masonry Walls 

The exterior walls are multi-wythe masonry walls , which rely on the mass of the wall to keep 

water out of the building . The solid masonry wall absorbs water from a rainstorm and leaks to 

the interior when the amount of water exceeds the storage capacity of the wall system. 

Successful performance of the masonry wall system is dependent upon 1) the water absorption 

of the wall not exceeding the storage capacity of the system and 2) an effective flashing that 

drains water in the masonry to the exterior at any interruptions in the masonry, such as at the 

base of wall or window opening. 

The amount of water absorbed by the masonry is dependent upon the condition of the masonry 

and mortar joints. Where the mortar joints are deteriorated , more water will be absorbed and 

travel toward the inner wythes. We did not observe any through-wall flashing to drain water that 

is absorbed beyond the outer wythe of masonry; the metal flashing above the low-sloped roof 

and slate roof are reg let-set. The masonry relies on the surface condition of the masonry to 

keep water out of the interior. 

The areas of heaviest leakage through the masonry are at the parapet and above the windows. 

The parapets that extend above the slate roof have deteriorated masonry on both sides of the 

walls. The base-of-wall counterflashing above the slate roof is not a through-wall flashing. The 

flashing is reg let-set, meaning that it only extends approximately 1/2 in. into the mortar joint. 

This flashing is installed to counterflash the step flashing that is integrated with the slate ; it 

directs water that is on the masonry surface over the vertical leg of the step flashing , but does 

not drain water that is absorbed by the brick masonry to the exterior. The leakage to the interior 

is exacerbated because the masonry is deteriorated on both sides of the parapet, allowing a lot 

of water into masonry wall. 

Leakage is not reported below the masonry walls above the EPDM roofs . The deterioration of 

the gypsum deck at the base of the wall indicates that some moisture does bypass the wall 

system and saturate the gypsum deck, but not enough water to cause leakage to the interior. 

These masonry walls are also protected from the much of the weather because of the roof 

overhang . 
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The exterior stain in the vertical drop in the parapet wall correlates with the heavy staining on 

the interior. Water traveling on the sloped section of the parapet cap flashing is dumped onto 

the lower parapet wall. The concentrated flow of water stains the exterior masonry. The 

amount of water exceeds the storage capacity of the masonry, which results in the 

efflorescence staining to the interior. 

We observed some cracking in the masonry, typically at the building corners and at the 

transition between the original and newer brick. The cracking at the corner is likely due to brick 

expansion . We do not expect the cracks to continue to grow. 

5.2 Wood Cladding and Trim 

The wood features and trim are typically deteriorated at areas that repeatedly get wet and stay 

wet, such as the bottom of the columns, bottom of the balustrades, some of the quoins at the 

cupola , and at the eaves of the standing-seam metal roofs. Water becomes trapped in the 

joints between boards and does not dry out. Design documents from 1999 show that many of 

the columns, both true and faux columns, were replaced and that the wood balustrades were 

replaced. However, the wood continues to deteriorate. Deteriorated wood should be addressed 

or the rot will continue to get worse. 

5.3 Windows 

The water in the brick masonry, combined with the lack of flashing above the windows, results in 

the rotted wood windows. The square windows have a steel lintel to support the brick masonry 

above the window. The lintel is installed with the wood window covering the toe of the lintel so 

that it blocks water draining off the toe of the lintel. Water that is collected by the steel lintel is 

drained into the head of the wood window, resulting in leakage and ongoing deterioration of the 

steel lintel. At the round windows, the masonry above the window is supported by keyed bricks 

that form an arch above the window. We did not make an opening above the round windows to 

confirm the masonry construction , but based on visual inspection , we did not observe a steel 

lintel or metal flashing above the windows. Water absorbed by the masonry wall leaks at the 

windows because the window is a discontinuity in the wall system. 

The windows at the cupola are in good condition except for the wood sash that is deteriorated at 

the east window sill. This window is facing the northeast direction, which gets much of the 

wind-driven weather. The window appears to have been damaged , and a small leak through 
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the damaged wood could have resulted in a larger area of rot. This small area of 'rot can be 

replaced and the wood protected with a new paint coating. 

Water leaks through the two wood windows we tested at the cupola. The leak at the vertical 

mullion , between the operable window and the window sash, allowed a good amount of water to 

the interior. The leak is due to a lack of a watertight upturned leg and open joints in the sill of 

the window. The leakage though the individual glazing pockets is minimal compared to other 

leaks through the exterior walls. Though we only water tested at the cupola , the wood windows 

elsewhere on the building are similarly constructed, and likely have similar leaks. Leakage 

through the individual glazing pockets can be minimized by installing a wet seal on the exterior 

surface of the windows (installed between the glazing and the wood cames), though we do not 

recommend wet sealing the windows because it will become another maintenance item . 

5.4 Slate Roof 

The slate roof was replaced in 1999, and we are not aware of any reports of leakage below the 

slate roof, Also, we did not observe any signs of leakage below the slate roof. Some slates 

have fallen or broken . It is typical for approximately 1 % of slate on a new roof to fall within the 

first few years. Based on the number of missing and broken slate that we observed (assuming 

that no slates have been replaced since the roof was completed in 1999), less than 1 % of the 

slate has fallen or is broken. If some of the slates have been replaced or if the slates continue 

to crack and fall , it could be a sign of weak or poor quality slate, but material testing would be 

required to confirm this . 

5.5 EPDM Roof 

The EPDM roof membrane is leaking at the northwest corner of the north roof and through the 

many small cuts in the membrane. Water may also bypass the membrane at the masonry walls 

that rise above the roof, but leakage is not reported in a consistent pattern below these walls . 

The roof deck shows signs of severe damage and cracking in two of the six roof openings. In 

Roof Opening R1 , the deck consists of both gypsum and lightweight concrete , indicating that the 

original gypsum deck was repaired with a lightweight concrete. The cracking looks like it was 

caused by heavy mechanical work or foot traffic. Some sections of the existing roof deck may 

have to be replaced where the roof deck is damaged. Part of the design of repairs should 

include designing repairs to the roof deck, since they may be needed when the deck is exposed . 
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Many of the holes in the roof membrane are due to falling slate from the roof above. Walkway 

pads are installed in the middle of the roof system, possibly to protect the roof where the slates 

were expected to fall, but the width of the protected area is not large enough to protect the 

EPDM membrane from slate damage. 

EPDM roof membrane is a single-ply system that can be easily damaged by falling debris such 

as pieces of broken slate. It does not have the redundancy of a second ply if the outer ply is 

damaged. The vapor retarder installed over the gypsum deck, a two-ply modified-bitumen roof, 

likely prevents much of the leakage that bypasses the EPDM membrane from entering to the 

interior. 

5.6 Gutters 

The metal gutters at the perimeter of the low-sloped EPDM roof hold standing water in the 

gutters, indicating that the gutters do not effectively slope to drain. We observed some cracked 

solder joints in the gutter, and the wood below the gutters is stained in some locations, 

indicating that the gutters leak. We did not observe any expansion joints in the gutter, allowing 

the metal to expand and contract. 

The copper down leaders for the slate roof extend onto the center of the lower EPDM roofs. We 

do not know the reason for the down leaders to be installed like this . 

5.7 Metal Roofs 

The upper standing-seam copper roof at the cupola leaks to the interior. The slope of the roof is 

very shallow, less than the minimum slope of 3:12 as recommended by Copper and Common 

Sense, a sheet metal design guide published by Revere Copper Products , Inc. Copper roof 

systems with a shallow slope less than 3: 12 should be flat-seam copper roofs with soldered 

seams. 

The cracked solder joints at the end of the standing seams are a result of the lock joint (i.e. , the 

expansion joint) not continuing over the edge of the roof. Copper has a high coefficient of 

thermal expansion and therefore undergoes a lot of movement in response to changes in 

temperature . Locations for movement must be built into the system; these are typically at the 

standing seams. As the standing seams move, the soldered joint at the end is restrictive, 

causing the crack in the solder joint. 
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The copper cupola roof appears to be in good condition based on our visual interior and exterior 

surveys. The existing documents indicate that the copper dome has not been replaced since 

the original building construction. The copper appears to be thin and may be near the end of its 

useful life. 

5.8 Decorative Features 

There are holes in the scroll features on the west elevation that allow water to enter them . We 

are not certain what the features are made of; however, water entering and collecting in the 

scrolls will lead to their eventual deterioration. If the metal cap is continuous, the leakage water 

may remain trapped inside the hollow feature . 
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6. CONCLUSIONS 

6.1 Brick Masonry 

The mortar joints in the brick masonry walls are deteriorated, and the pointing mortar installed in 

some joints has cracked and fallen off. The leak in the second-floor office space is caused by 

water infiltrating the brick masonry above the windows. The leakage in the attic space above 

the office is also caused by water leaking through the brick masonry above the office windows 

as well as the parapets. The round window above the office may also contribute to the leakage 

(the window is so severely deteriorated that we could not test it). Our testing and masonry 

openings revealed that water bypasses the deteriorated mortar joints in the masonry, and enters 

at the window openings because of a lack of a proper head flashing that collects water in the 

masonry and drains it to the exterior. Also , water enters on the back side of the parapets at 

deteriorated mortar joints, bypasses the reg let-set metal flashing above the slate roof, and 

enters into the attic space. 

The steel lintels above the windows are also deteriorated , but the masonry does not show signs 

of cracking which would indicate a reduced capacity of the steel lintel. We recommend installing 

a metal head flashing above all the windows set in brick masonry on the east and west 

elevations to 1) stop the ongoing leakage at the window heads and 2) protect the steel lintel. 

Corroded steel lintels should be replaced as part of this work. 

6.2 Wood Cladding and Trim 

The paint installed on the wood cladding and trim is cracking and chipping in some areas. 

Some pieces of the wood cladding on the cupola (where the wood has expanded) are 

deteriorated and will need to be replaced. However, the cupola wood cladding overall is not 

deteriorated. A few wood quoins that are deteriorated or missing will need to be replaced. The 

deteriorated wood at the columns and balustrades will need to be replaced. 

6.3 Wood Windows 

The two round windows on the east elevation are severely rotted and should be replaced 

entirely. Other windows have smaller areas of rot and require repairs as a minimum; these 

areas include the following : 

• The wood at the head of some windows set in the brick masonry (areas in front of the 
steel lintel) has areas of deterioration . 
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• The sill of one window in the cupola is rotted . 

Water leaks through the wood windows, though the volume of leakage is minimal compared to 

other leaks through the exterior walls. It may be possible to address leakage at the windows by 

retrofitting the windows with weatherstripping and sealants, but this would have to be mocked 

up and water tested to determine its effectiveness and performance. 

6.4 Slate Roof 

The slate roof was recently replaced, but some slates are missing or broken . The missing or 

broken slates should be replaced. If the slates continue to break in the future , you should 

consider material testing to determine whether the slates are vulnerable to freeze-thaw 

deterioration and breakage , which would result in earlier roof replacement. 

6.5 EPDM Roof 

There are many cuts in the membrane due to falling slate and unsealed laps in the membrane 

at the northwest corner of the north roof. Water bypasses the membrane at the northwest 

corner and leaks to the interior through the brick masonry. Elsewhere on the roof, the vapor 

retarder installed over the gypsum deck contains leakage that bypasses the cut in the EPDM 

roof membrane. The gypsum and lightweight concrete deck is deteriorated at some locations 

and will require repairs when the roof membrane is replaced. 

6.6 Metal Gutters 

The leakage through the perimeter gutters does not result in leakage to the interior, but it does 

result in expedited deterioration of the wood trim below the gutters. The solder joints in the 

gutter straps and between adjacent sections of metal are cracking . 

6.7 Metal Roofs 

The standing-seam metal roof at the upper level of the cupola leaks at the standing seams. 

Sealant repairs have been ineffective at addressing the leakage problems from this roof. 

The standing-seam metal roof at the lower level of the cupola does not show signs of leakage. 

Cracked solder joints are apparent at the bottom of most standing seams. 

The copper cupola dome appears weathered and the copper may be nearing its useful life , but 

we did not observe any openings in the metal in our exterior surveyor staining below the copper 

roof that indicates leakage . 
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6.8 Decorative Features 

The decorative features on the east elevation (the lion and the unicorn) were replaced in 1999 

and appear to be in good condition . 

The scrolls on the west elevation contain holes. The holes may be contributing to leakage into 

the brick masonry below, and in any event, they are contributing to deterioration of the scrolls 

themselves. The scrolls can be repaired at this point, but you should schedule and budget for 

replacement in the next 10 yrs because they are in poor condition . 
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7. REPAIR OPTIONS 

7.1 Brick Masonry - General Repairs 

Our repair recommendations for the general masonry are as follows: 

• Point the mortar joints and cracks in the brick masonry walls. 

• Replace all cracked brick. 

• At windows on the east and west elevations set in brick masonry, remove the brick 
masonry, provide new steel lintel and metal head flashing , and reinstall brick masonry. 

• Reattach the metal cap flashing above the west parapet wall. 

• Clean the masonry at areas of heavy staining (typically below the vertical drop in the 
parapet). Reconfigure metal profile and drainage to reduce future staining on the 
masonry. 

• Patch the deteriorated concrete on the eagle 's head above the Massachusetts 
emblem. 

• Remove or recess (by cutting back) steel elements that are embedded in the masonry 
and are abandoned and no longer in use to provide anchorage or structural integrity to 
the masonry. 

As part of the design process, samples of the existing mortar should be tested to determine the 

composition so that the repair mortar will match the original composition and compressive 

strength. 

7.2 Brick Masonry Leakage 

Completing the general repairs above will reduce the leakage problems, but may not 

necessarily eliminate all leakage. Pointing the existing brick masonry will not stop the leakage 

because water will always bypass even a well-maintained brick masonry wall during a long , 

soaking rain . To evaluate the options for addressing the brick masonry leakage, we have 

assembled the following big-picture repair options. 

Option 1 - Reclad the East and West Elevations 

Option 1 is to convert the existing mass masonry walls on the east and west elevations to a 

veneer wall system. This option is the most reliable method to eliminate leakage to the interior, 

but will be the most expensive option . The scope of work will include the following : 
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• Building a brick masonry veneer wall on the exterior of the existing mass masonry wall, 
with a cavity space, waterproofing membrane, and through-wall flashings. 

• Installing metal cladding on the back of the parapet walls (roof side) to cover the brick 
masonry. 

• Pointing and repairing the existing multi-wythe brick masonry elsewhere on the 
building. 

This option is a relatively drastic option, but it offers the most reliable and long-term protection 

against leakage in the future. It will stop water from entering to the interior because of the new 

waterproofing membrane and metal cladding on the exterior walls and parapets. This option 

would change the profile of the building exterior (and therefore the appearance of the building) 

somewhat, although the finishes would match the existing . It also would be difficult to 

implement. There would be many design and detail challenges to overcome, such as detailing 

at the windows, and the repair may trigger additional changes to bring the exterior walls up to 

the current building code. We are describing it in this report for completeness. 

Option 2 - Rebuild Brick Parapet with New Through-Wall Flashing 

Option 2 lessens the scope of the masonry rebuild to only the parapet walls above the gable 

ends. This scope of work includes rebuilding the parapet walls as veneer walls and then 

making typical masonry repairs elsewhere on the building . The scope of work will include the 

following: 

• Removing the brick masonry parapets down to the roof deck. 

• Rebuilding the parapet walls as a masonry veneer wall , with CMU backup wall , 
waterproofing membrane, through-wall flashings , and brick veneer. 

• Installing metal cladding on the back of the parapet walls to cover the CMU . 

• At windows on the east and west elevations set in brick masonry, removing the brick 
masonry, providing new steel lintel and metal head flashing , and reinstalling brick 
masonry. 

• Pointing and repairing the existing multi-wythe brick masonry elsewhere on the 
building. 

• Installing a clear sealer on the face of the brick masonry. 

This option will stop water from bypassing the masonry on both sides of the parapet and include 

a through-wall flashing to drain the water in the cavity space at the bottom of the parapet. At the 

windows, a metal head flashing will be installed to protect the exterior steel lintel. However, the 
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existing brick masonry walls will continue to act as barrier masonry wall construction (and allow 

moisture to enter) as originally designed. This option would reduce the amount of water 

entering the interior, but water will still enter during long, heavy rainstorms. The clear sealer will 

not eliminate all water leakage through the masonry, but will slightly reduce the amount of water 

entering the brick masonry and mortar joints at very small cracks. Clear sealers cannot span or 

seal large cracks or prevent water from entering the wall at large cracks. Therefore, clear 

sealers provide only limited benefit in stopping moisture infiltration. Also , clear sealers wear out 

relatively quickly and require frequent reapplication to remain effective. 

Option 3 - New Head Flashing and Install Metal Panels on Back of Parapet. 

The third option includes the following : 

• Installing vented metal panels on the back (roof side) of the parapets. The metal 
panels must be vented to allow moisture vapor to escape on the back side of the wall. 

• At windows on the east and west elevations set in brick masonry, removing the brick 
masonry, providing new steel lintel and metal head flashing , and reinstalling brick 
masonry. 

• Pointing and repairing all the multi-wythe brick masonry. 

• Installing a clear sealer on the face of the brick masonry. 

This option is the least expensive option, but will only address the leakage through the back of 

the parapets , not the front of the parapets or the typical face of the multi-wythe brick masonry. 

The amount of water will be reduced by pointing the brick, installing the clear sealer, and 

installing a metal head flashing above the windows, but there is still a chance for leakage during 

long, heavy rainstorms. (See discussion in Option 2 above for a description of the performance 

expectations for the clear sealer. Also , as noted above under Option 2, the clear sealer will 

have to be reapplied relatively frequently to remain effective.) 

7.3 Wood Cladding and Wood Features 

The recommended repairs to the exterior wood cI<;ldding and trim on the cupola include the 

following: 

• Replacing all pieces of rotted exterior wood cladding , including the boards just above 
the slate roof that have expanded. 
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• Replacing individual pieces of wood trim and wood features that are rotted. In some 
cases, some small areas of rot in a larger piece of wood can be repaired using either 
an epoxy or a piece of replacement wood . 

• Where possible , considering designing the wood repairs with details to reduce future 
maintenance costs such as metal caps, raised ends, shingled laps, and mitered 
corners. 

• Removing the existing loose or deteriorated paint, and painting the wood. 

Where large areas of the wood cladding and trim are being reconstructed , we recommend using 

wood that is relatively resistant to rot and deterioration (such as mahogany) because the cupola 

and associated trim are difficult to access. 

We have included estimate pricing to repaint the existing wood with an elastomeric acrylic paint 

(Option 1). This paint has been used successfully over wood substrates on other projects . This 

paint is also more vapor permeable than some other paint systems, so if some moisture gets 

behind the paint (and some will) , the moisture will have an easier time escaping (drying out) 

compared to some other (less-permeable) coating systems. We also have included an option 

for repainting with a ceramic-based paint (Option 2); however, ceramic-based paints do not 

have as long a track record of success as other paint systems. The product data information 

available on the Web for ceramic-based paint does not include vapor permeability, so we cannot 

evaluate whether it will do as good a job at allowing moisture to escape as other systems. We 

are also concerned that the ceramic-based paint may be relatively hard and brittle. If the 

coating cracks, it will allow water to bypass the coating , cause the wood to deteriorate, and not 

allow the vapor to permeate to the exterior through the coating . 

Regardless of the paint system applied to the wood cladding, some moisture will inevitably get 

behind the coating system and contribute to rot and deterioration . No paint or coating system 

can prevent all moisture from getting into and behind the wood cladding at joints, openings, 

fasteners , and cracks. All paint and coating systems will require some maintenance (as well as 

the wood substrates behind them) . The warranty offered by manufacturers of ceramic-based 

paints only appears to apply to cracking and flaking; it does not cover damage to the underlying 

wood substrate. 

7.4 Wood Windows 

We recommend the following repair work at the windows: 
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• Replacing the heavily deteriorated round windows on the east elevation. 

• Repairing small areas of rotted wood with fungus killer and putty or a piece of 
replacement wood. 

7.5 Slate Roof 

Provide isolated repairs to replace the missing and broken slates. 

7.6 EPDM Roof 

Option 1 - Repair Existing Roof 

At a minimum, the holes in the EPDM roof membrane should be patched and the area of the 

walkway pads on the roof should be increased to protect more of the EPDM membrane from 

falling slate. At the northwest corner of the roof, the room membrane and insulation should be 

removed , the gypsum roof deck repaired , and EPDM reinstalled . The condition of the gypsum 

roof deck and the extent of the damage to the gypsum roof deck should be evaluated as a part 

of this repair because a larger area of the deck will be exposed and will be available for 

evaluation at that time. 

If you opt to only repair the existing roof, we recommend that you budget for replacement of the 

EPDM roofing systems within the next 5 yrs because (1) the existing membrane has numerous 

holes and damage, (2) the existing roofing system is vulnerable to damage from falling pieces of 

slate , (3) improvements in substrate and drainage can be completed, and (4) the condition of 

the gypsum roof deck can be inspected and repairs can be made to address the problems with 

the gypsum deck. 

Options 2 and 3 - Replace Existing Roof 

A second option would be to replace the low-sloped roof as part of the current repair work. We 

recommend that the EPDM be replaced with a more durable membrane , such as a two-ply 

modified-bitumen system (Option 2) or a traditional four-ply built-up roof (Option 3). 

A two-ply modified-bitumen system has two plies of redundancy, adhered with either 

cold-applied adhesives or a torch to heat asphalt on the plies. A four-ply built-up roof has four 

plies of redundancy and is typically adhered with hot asphalt. Advantages of the 

modified-bitumen roof system over the built-up roof system are that it is lighter and less 

expensive to install. An advantage of the four-ply built-up roof over the modified-bitumen 

system is that it offers more redundancy than the two-ply modified-bitumen system. Both 
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systems should have an extra heavy-duty cap sheet and with walkway pads in all the areas that 

could possibly be damaged from falling slate. When the roof is replaced , an allowance for 

gypsum deck repairs should be included . 

7.7 Metal Gutters 

We recommend repairing the existing gutters. The scope of work is as follows: 

• Rivet and solder damaged seams and gutter straps. 

• Construct new expansion joints in the lower gutters. This will require the addition of at 
least one new down leader on each roof. 

• Reslope the existing gutters so that they slope to drain minimum 1/8 in. per foot. 

The cost to repair the existing gutters may be a significant percentage of the cost to install a 

new gutter system. The gutters on the low-slope roofs will have to be replaced in conjunction 

with the replacement of those roofing systems anyway. 

7.8 Flat-Seam Metal Roofs and Copper Dome 

No repairs to the flat-seam roofs and the copper dome appear to be required at this time. 

However, these roofing systems will eventually need to be replaced when the copper sheet 

develops pitting holes and when sealants wear out and allow water to enter. 

7.9 Standing-Seam Metal Roofs 

We recommend replacing the roof on the upper level of the cupola with a new flat-seam copper 

roof system. The new system will need to be detailed and designed with appropriate 

underlayments, expansion joints, and details. At the lower roof where we did not observe 

interior damage below the roof, we recommend making repairs to the standing seams to allow 

the entire length of the seam to move . 

7.10 Decorative Features 

Replace or patch the decorative features on the west elevation and repaint. 
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8. APPLICABLE CODE REVIEW SUMMARY 

The current Massachusetts Building Code is the 780 CMR eighth edition, which uses the 

International Existing Building Code (IEBC) 2009 with Massachusetts amendments. There are 

two methods to analyze the repairs made to the project: the prescriptive compliance method or 

the work-area method . Under the prescriptive compliance method , the repairs would be 

considered an alteration and would need to comply with the International Building Code (IBC) 

for new buildings. Under the work-area method , since the total work exceeds 50% of the 

aggregate area of the building , we would need to comply with the Alteration - Level 3 

requirements , which must comply with all provisions of Chapters 6, 7, and 8 of the IEBC. The 

insulation on the roof must comply with the International Energy Conservation Code; the 

Massachusetts Stretch Energy Code has not been adopted by West Springfield. 

We have not performed a comprehensive building code review for this entire building , such as 

determining the minimum insulation requirements for the roof replacement or structural 

upgrades required. We recommend that a complete building code review be performed as part 

of the Design Development process to determine the scope of the work. Developing the scope 

of the work in conjunction with a review of the building code requirements may add some tasks 

and items to the scope of the work to address the building code requirements . 

Based on the information provided to us by DCAM , the replacement cost of the building is 

$2,203,391 . The 521 CMR Architectural Access Board requires that if the total cost of the work 

performed exceeds 30% of the value of the building , the entire building must comply with 

521 CMR. We did not review the accessibility of the building; we included a contingency of 

$50 ,000 for possible accessibility upgrades in the cost estimate. 
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9. COST ESTIMATE FOR REPAIRS 

In the attached spreadsheet (Table 1), we have provided an estimated cost for each of the 

repair options discussed above in Section 7. These cost estimates are preliminary engineering 

cost estimates and are suitable for comparing options, but not for budgeting purposes. The 

scope of work and design of repairs need to be evaluated and developed further before a more 

reliable cost estimate can be developed. 

If you decide to move forward with all of our recommended repairs as described in Section 7, 

the cost breakdown is as shown in Table 2. 

I :180SIProjects120081080 21 3.09-8 I G EI WPI004 rG RDoelp-R -080213.09. pd. d oc 
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SIMPSON GUMPERTZ & HEGER SHEET NO. 

Engineering of Structures and Building Enclosures PROJECT NO. 

CLIENT DCAM DATE 

SUBJECT Massachusetts State Building, Eastern States Exposition, West Springfield , MA BY 

_C~os~t~E:::s~ti~m~a~te::.....-______________________________ CHECKED BY 

This table should be used for preliminary planning purposes only and not for budgeting . This estimate is based on 
preliminary repair concepts, not detailed designs or material specification . Actual construction costs may vary substantially 
from our estimates because of changes between concept and final design, economic climate in the construction trades at the 
time of bid , contractor's perception of risk versus reward , and other factors that are beyond our control. 

TABLE 1 - ESTIMATED COST FOR EACH REPAIR OPTION 
MA STATE BUILDING EASTERN STATES EXPOSITION WEST SPRINGFIELD MA , , , 

Unit Subtotal 
DESCRIPTION Quantity Units Cost Cost 

DIVISION 1 • GENERAL CONDITIONS 
Allowance for access to exterior walls 13,600 sq ft $15 $204,000 
Allowance for access to cupola (painting) 1 Is $50,000 $50,000 
Testing for hazardous materials 1 Is $3,000 $3 ,000 
Contingency for hazardous materials 1 Is $100,000 $100,000 
Contingency for ADA repairs 1 Is $50,000 $50,000 
Division 1 Subtotal $407,000 

DIVISION 4 • MASONRY 
GENERAL BRICK MASONRY 
Test brick wall mortar samples for compatibility 1 ea $2,000 $2,000 
Reattach metal cap flashing 1 ea $400 $400 
Concrete patching 4 ea $250 $1,000 
Remove embedded steel 15 ea $100 $1,500 
General Brick Masonry Subtotal $4,900 

Option 1 • Reclad East and West Elevations 
New brick veneer wall on east and west elevations 7,000 sq ft $100 $700,000 
New concrete footing extension to support BV 100 If $200 $20,000 
Metal flashings in new brick veneer 150 If $15 $2,250 
Metal cladding on back of parapets 700 sq ft $35 $24,500 
Point remaining multi·wythe brick masonry 6,600 sq ft $20 $132,000 
Clean masonry 13,600 sq ft $3 $40 ,800 
Subtotal for Option 1 of Masonry Repairs $919,550 

Option 2 • Rebuilding Parapets and Window Flashings 
Remove brick masonry, including temporary support 700 sq ft $100 $70,000 
Rebuild parapet wall 700 sq ft $110 $77,000 
Metal cladding 700 sq ft $35 $24,500 
Remove and reinstall brick masonry at windows; provide head flashings 
and steel lintel 64 If $260 $16,640 
Point brick masonry 12,900 sq ft $20 $258,000 
Install clear sealer on face of brick masonry 13,600 sq ft $3 $40,800 
Clean masonry 13,600 sq ft $3 $40,800 
Subtotal for Option 2 of Masonry Repairs $527,740 

Option 3· Pointing and Cladding 
Point brick masonry 13,600 sq ft $20 $272,000 
Install clear sealer on face of brick masonry 13,600 sq ft $3 $40,800 
Metal cladding on back of parapets 700 sq ft $35 $24,500 
Remove and reinstall brick masonry at windows; provide head flashings 
and steel lintel 64 If $260 $16,640 
Clean masonry 13,600 sq ft $3 $40,800 
Subtotal for Option 3 of Masonry Repairs $394,740 
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SIMPSON GUMPERTZ & HEGER SHEET NO. 
Engineering 01 Structures and Building Enclosures PROJECT NO. 080213.09 

CLIENT DCAM DATE 25 October 2011 
SUBJECT Massachusetts State Building, Eastern States Exposition, West Springfield, MA BY 

_:::C~os:'!.:t:..!E:::s:::.t!!Cim~a:::.te:::.-______________________________ cHECKED BY 

DIVISION 6 - WOOD 
WOOD REPAIRS 
Replace or repair deteriorated wood cladding or trim 150 sq ft $50 $7,500 $10,725 

Option 1 - Repaint with Elastomeric Paint 
Remove paint, install sealant and paint 3,000 sq ft $25 $75,000 
Subtotal for Option 1 of Wood Repairs $75,000 $107,250 

Option 2 - Repaint with Ceramic-Based Paint 
Remove paint, install sealant and paint 3,000 sq ft $30 $90,000 
Subtotal for Option 2 of Wood Repairs $90,000 $128,700 

DIVISION 7 - THERMAL AND MOISTURE PROTECTION 
SLATE ROOFING 
Individual slate repairs 25 ea $100 $2,500 
Subtotal for Division 7 - Slate Roofing $2,500 $3,575 

EPDM ROOFING 
Option 1 - Spot Repairs 
Replace roof system materials at northwest corner of north roof 100 sq ft $20 $2,000 
Gypsum deck repair at northwest corner of north roof 50 sq ft $80 $4 ,000 
EPDM patches at holes 10 ea $15 $150 
Additional walkway pads 500 sq ft $10 $5,000 
Subtotal for Option 1 Spot Repairs to EPDM Roof $11,150 $15,945 

Option 2 - Roof Replacement with Two-Ply Modified Bitumen 
Remove existing roof 7,850 sq ft $5 $39,250 
Repair gypsum deck 100 sq ft $80 $8,000 
Install modified-bitumen roofing system with walkway pads 7,850 sq ft $25 $196,250 
Subtotal for Option 2 Roof Replacement $243,500 $348,205 

Option 3 - Roof Replacement with Four-Ply Built-up Roof (BUR) 
Remove existing roof 7,850 sq ft $5 $39,250 
Repair gypsum deck 100 sq ft $80 $8,000 
Install four-ply BUR system with walkway pads 7,850 sq ft $25 $196,250 
Subtotal for Option 3 Roof Replacement $243,500 $348,205 

METAL GUTTERS 
Repair EPDM roof metal gutters 371 If $20 $7,420 
Repair slate roof metal gutters 220 If $20 $4,400 
New expansion joint and down leader 15 If $30 $450 
SUbtotal for Metal Gutters $12,270 $17,546 

METAL ROOFS 
Provide new flat-seam metal roof 160 sq ft $100 $16,000 
Repair seams at existing standing-seam metal roof to remain 32 ea $10 $320 
Subtotal for Metal Roofs $16,320 $23,338 

DECORATIVE FEATURES 
Patch and repaint 5 ea $100 $500 
SUbtotal for Decorative Feature Repairs $500 $715 
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SIMPSON GUMPERTZ & HEGER SHEET NO. 

Engineering of Structures and Building Enclosures PROJECT NO. 080213.09 

CLIENT .!:D~C~A..::M.::....,,..-_--:,--,--:::---c,-::-_=--:-_=:--:--=_--:-::----:-:.,--:-:::---:----,:-:-.,....,,-:-:-_________ DATE 

SUBJECT Massachusetts State Building, Eastern States Exposition, West Springfield, MA BY 

25 October 2011 

Cost Estimate CHECKED BY 

DIVISION 8 - WINDOWS 
WOOD WINDOWS 
Temporary protection 2 ea $100 $200 
Remove existing round window 2 ea $50 $100 
Install new sill flashing 2 ea $100 $200 
Provide new window 2 ea $1 ,000 $2,000 
Perimeter sealant joint 5 If $10 $50 
Repair deteriorated wood 8 sq ft $100 $800 
Subtotal for Window Repairs $3,350 $4,791 

NOTES: 
1. Material costs do not include sales tax. 
2. Design and construction administration fees not included. 
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TABLE 2 - ESTIMATED COST FOR REPAIRS 

Work Item Estimated Cost 

Access to Walls and Cupola (scaffolding for brick masonry, $254,000 
crane or aerial lift for cupola) 

Hazardous Materials Testing $103,000 

Contingency - ADA Repairs $50,000 

Masonry - General Brick Masonry Repairs $4,900 

Masonry - Rebuilding Masonry Parapet Walls with New $527,700 
Through-Wall Flashing (Option 2), Point Remaining Areas 

Replace Deteriorated Wood $7,500 

Paint Wood Cladding and Wood Features with Elastomeric $75,000 
Paint (Option 1) 
Wood Window Repair $3,350 

Slate Roof Repairs $2,500 

Low-Slope Roof Replacement with Four-Ply Built-up Roof $243,500 
(Option 3) 

Metal Gutters $12,270 

Standing-Seam Metal Roofs $16,300 

Decorative Feature Repair $500 

Subtotal $1,300,520 

General Conditions (30%) $390,156 

Contingency (20%) $260,104 

Permits (3%) $39,016 

Total $1,989,796 

This table should be used for preliminary planning purposes only and not for budgeting. This estimate 
is based on preliminary repair concepts , not detailed designs or material specification . Actual 
construction costs may vary substantially from our estimates because of changes between concept 
and final design . economic climate in the construction trades at the time of bid , contractor's perception 
of risk versus reward . and other factors that are beyond our control. 





Photo 2 

Photo 1 

East elevation of the 
Massachusetts State 
Exposition Building. 

Heavy staining on the interior 
of the east wall below the 
sloped roof. 
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Photo 3 

Drip stains on the embedded 
wood beam. 

Photo 4 

Heavy staining at the round 
wood window and the 
masonry around the window 
on the east elevation . 

Photo 5 

Efflorescence staining below 
the west sloped roof. 
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Photo 6 

Interior finish damage at the 
head of the window and at 
the ceiling vent. 

Photo 7 

Brown stain around the 
perimeter of a ceiling vent. 
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Photo 8 

Efflorescence staining on the 
interior masonry at the 
northwest corner of the 
building. 

Photo 9 

Staining at the sill of a 
double-hung window in the 
cupola. 
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Photo 10 

Staining on the wood sill of 
the round window. 

Photo 11 

Water stains below the 
bottom floor of the cupola. 

Photo 12 

Staining on the wood below 
the upper standing-seam 
metal roof. 
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Photo 13 

Drip stain between horizontal 
joints in the wood cladding. 

Photo 14 

Brick band courses at the 
second floor and at the gable 
roof. 
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Photo 15 

Massachusetts crest on east 
elevation at the parapet. The 
wood arch above the 
second-floor windows is also 
pictured. 

Photo 16 

Recessed and cracked 
mortar joints. 
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Photo 17 

Pointing mortar applied to 
the surface of the existing 
mortar. The pointing mortar 
is falling out at many 
locations. 

Photo 18 

Large opening in the mortar 
joint and crack in the brick 
masonry. 

SGH Project 080213.09 / October 2011 



Photo 19 

Openings in the mortar joints 
in the field of the brick 
masonry. 

Photo 20 

Crack in brick masonry at the 
southeast corner. (The 
arrows follow the crack line.) 

Photo 21 

Small crack in the brick 
masonry at the window head 
corner. 
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Photo 22 

The masonry at the band 
course is deteriorated. 

Photo 23 

West elevation. Metal cap 
flashing is loose. 
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Photo 24 

Dark stain in the masonry 
below the parapet on the 
west elevation . 

Photo 25 

Sealant installed in a hole in 
the eagle's head. 

SGH Project 080213.09 / October 2011 



Photo 26 

Abandoned embedded steel 
in the brick masonry at the 
side of the parapet wall. 

Photo 27 

Arrow points to back of reg let 
in base-of-wall copper 
flashing above the 
low-sloped EPDM roof. 
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Photo 28 

Lead flashing on the back 
side of the parapets 
counterflashes the step 
flashing for the slate roof. 

Photo 29 

Reglet-set lead flashing in 
masonry parapet above slate 
roof. 

Photo 30 

Typical wood cladding on the 
cupola. 
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Photo 31 

Wood column trim at the 
corner of the cupola. 

Photo 32 

Wood quoins at the bottom 
of the cupola. 
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Photo 33 

Blistered and peeling paint. 

Photo 34 

Open joints between boards 
in the wood cladding. 

Photo 35 

Expanded wood at the base 
of the wall. 
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Photo 36 

Softness in wood on the 
sky-facing surfaces of the 
quoins. 

Photo 37 

Rotted wood quoin. 

Photo 38 

Missing wood quoin. 
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Photo 39 

Wood columns below the 
porticos. 

Photo 40 

Wood base of a column on 
the north elevation is rotted . 
The joint in the wood next to 
the rot is open. 

Photo 41 

Rotted wood above a column 
on the south elevation. The 
pedestal base below the 
column is metal. 
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Photo 42 

Deteriorated wood at the 
faux columns on the 
northwest corner. 

Photo 43 

Deteriorated wood at the 
balustrade post. 

Photo 44 

Rotted wood at the railing at 
the cupola. 
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Photo 45 

Flaking paint at the 
horizontal rail of the 
balustrade. 

Photo 46 

Crack in the wood 
balustrade. 

Photo 47 

Chipping paint and 
deteriorated sealant joints at 
the railings at the cupola. 
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Photo 48 

Water stains on the wood 
fascia and dentil molding 
below the gutters for the 
slate roof. 

Photo 49 

Deteriorated wood at the 
edge of the metal roof at the 
cupola. 

Photo 50 

Cracked paint at the wood 
cames of the windows at the 
cupola. 
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Photo 51 

Sealant fills the deteriorated 
areas of wood at the round 
window. 

Photo 52 

Deteriorated wood at the 
double-hung window head. 

Photo 53 

Deteriorated wood at the 
double-hung window on the 
east elevation of the cupola. 
Note: The tip of the 
five-in-one tool easily 
presses into the wood sash. 
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Photo 54 

Crazed sealant joint. 

Photo 55 

Failure in the sealant joint at 
the masonry. 
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Photo 56 

Open joint between the wood 
cladding and the wood 
window frame . 

Photo 57 

Cracked coating on the 
exterior surface of the 
glazing. 
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Photo 58 

Overview of the slate roof. 

Photo 59 

Broken slate. 

Photo 60 

Damaged down leader due 
to falling snow. Also note the 
broken piece of slate on the 
roof. 
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Photo 61 

Runoff from the low-sloped 
EPDM roofs is directed into 
the perimeter gutters. 

Photo 62 

An opening in the membrane 
where a previous attempt at 
repairing the opening with 
roofing cement has failed . 

Photo 63 

Opening in a seam in the 
EPDM membrane. 
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Photo 64 

Unadhered edge of the 
membrane. 

Photo 65 

Air bubble escaping from 
under the membrane when 
pressure was applied to the 
roof surface. 

Photo 66 

Bent horizontal strap and 
front edge of the gutter at the 
roof eave of the EPDM roofs. 
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Photo 67 

Broken solder joint between 
the horizontal strap and the 
gutter. 

Photo 68 

Water ponds in the metal 
gutters at the perimeter of 
the sloped roof. 
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Photo 69 

A cracked solder joint in the 
copper gutter. 

Photo 70 

Flat-seam metal roof at the 
portico over the main 
entrance. 
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Photo 71 

The arrows point to the two 
standing-seam metal roofs at 
the cupola (other than the 
copper dome). 

Photo 72 

Standing-seam copper roof. 
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Photo 73 

Cracked solder joint. 

Photo 74 

Sealant joint in 
standing-seam metal roof. 
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Photo 75 

Shallow flat-seam metal roof. 

Photo 76 

Metal dome with 
standing-seam metal roof 
around it. 

Photo 77 

A unicorn is installed on the 
north corner and a lion on 
the south corner. 
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Photo 78 

Decorative spirals are above 
the parapets on the west 
elevation. 

Photo 79 

The back of the lion, which is 
anchored to the precast 
concrete, masonry wall, and 
sloped roof. 

Photo 80 

The east-elevation features 
are built on a precast 
concrete capstone with a 
metal flashing below. 
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Photo 81 

Decorative spiral on the 
west-elevation parapets. 

Photo 82 

Hole in the decorative spiral. 
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Photo 83 

Water testing the masonry 
above the second-floor 
window (WT-1). 

Photo 84 

The top arrow points to the 
location of water entry, and 
the bottom arrow points to a 
stream of water entering the 
interior. 
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Photo 85 

Water testing the masonry 
above the round attic window 
(WT-2). 

Photo 86 

Water entering through the 
window frame. 
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Photo 87 

Arrows point to water entry 
locations. 

Photo 88 

Water test of the back of the 
masonry parapet (WT-3). 
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Photo 89 

Water entered at the 
roof-to-wall intersection in 
the attic space. 

Photo 90 

Water dripped below the 
wood beam embedded in the 
masonry wall. 
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Photo 91 

Water testing the roof vent, 
WT-4. 

Photo 92 

Water leaked behind the 
wood fascia and at the down 
leader during WT-4. 
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Photo 93 

Water entering to the interior 
through the brick masonry 
during WT-4. 

Photo 94 

Isolation water test at a small 
opening in the EPDM 
membrane. 
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Photo 95 

WT -5, water testing the 
siding. 

Photo 96 

WT-6, water testing the wood 
sill. 
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Photo 97 

Water leaking to the interior 
during WT-6. 

Photo 98 

Area of WT-7. 
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Photo 99 

Water leaking through board 
joints. 

Photo 100 

WT-8. 
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Photo 101 

Leak at the sill of the round 
window during WT-8. 

Photo 102 

Water testing the 
standing-seam metal roof, 
WT-9. 

Photo 103 

Leaks below during WT-9. 
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Photo 104 

Brick masonry over a 
double-hung window; the 
location of Masonry 
Opening M1 . 

Photo 105 

Exposed steel lintel at the 
head of the window. 

Photo 106 

M2 masonry opening at the 
back of the masonry parapet. 
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Photo 107 

The lead counterflashing 
lacks an upturned leg. 

Photo 108 

Roof Opening R1 . The roof 
deck looks severely 
damaged. 

Photo 109 

Wet insulation at roof 
opening at cut in EPDM 
membrane. 
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Photo 110 

Roof Opening R4, typical 
roof system over a wood 
deck. 

Photo 111 

Roof Opening R6 at the base 
of wall. 

Photo 112 

Deteriorated gypsum deck at 
the base of the masonry wall. 
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