
 

 

 
 

1223 Mineral Spring Avenue 

 North Providence, Rhode Island 02904 
 

Phone:  401.724.1771 

Fax:  401.724.1981 
 

 
December 30, 2014 
 
Mr. Jim Soule 
The Preservation Society of Fall River, Inc. 
P.O. Box 9221 
Fall River, Massachusetts 02720 
 
RE: King Philip Mills Chimney – Preliminary Structural Investigation Summary 
 
Transmitted via email (jiminc3@msn.com) 
 
Dear Mr. Soule: 
 
Per your request, this office has performed a preliminary structural investigation of the 175-
foot tall brick masonry chimney located on the former King Philip Mills site at 386 Kilburn 
Street in Fall River, Massachusetts.  The following is a summary of the preliminary investigation 
and recommendations. 
 
Standard of Care and Use of Report 
 
Please note that the results of this investigation are limited to visual observations of the 
accessible areas of the brick masonry chimney only.  While we have made our best efforts to 
investigate the chimney structure, many conditions were concealed or were otherwise 
inaccessible, and therefore additional damage or other unforeseen conditions not included in 
this report may be present.  The findings of this report therefore represent our best 
professional opinion based on the information available to us at this time.  This report is for 
the sole use of The Preservation Society of Fall River, Inc. to understand the existing structural 
condition of the chimney so as to make a rational decision whether to demolish or restore the 
chimney. 
 
Actions Taken 
 
Odeh Engineers, Inc. undertook the following actions to complete this structural evaluation: 
 

 On Thursday, December 4, 2014, Principal Engineer M. David Odeh, P.E. and Field 
Engineer visited the King Philip Mills to inspect the brick chimney.  Upon arrival at the 
site the Engineers met with Mr. Antone Dias and Mr. Jim Soule of The Preservation 
Society of Fall River, and the Fall River City Engineer, Mr. Byron Holmes, P.E. 

 During the December 4, 2014 site visit Odeh Engineers performed a visual inspection 
of the exterior of the chimney and visually inspected a limited portion of the interior of 
the chimney at the existing clean-out chamber and opening below the infilled breach on 
the north side of the chimney. 

 During the December 4, 2014 site visit Odeh Engineers scanned the exterior of the 
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chimney using a FARO Focus 3DX 330 laser scanner to determine the overall exterior 
dimensions of the chimney and to allow for the calculation of the plumbness of the 
chimney. 

 Using the data acquired from the laser scanning of the exterior of the chimney, Odeh 
Engineers calculated the existing plumb (true to vertical) of the chimney. 

 Using the overall exterior dimensions of the chimney, in conjunction with historical 
books documenting the typical design and construction methods for tall chimneys, 
Odeh Engineers analyzed the chimney to resist wind loads based on design criteria for 
chimneys constructed circa 1871 and using today's Building Code mandated criteria. 

 Prepared this written summary of preliminary findings and recommendations. 
 
Documents Reviewed 
 
Odeh Engineers reviewed the following documents to assist in the preliminary structural 
investigation and assessment of the King Philip Mills chimney: 
 

 A three-page letter with photos, dated August 15, 2014 from Steven A. Bogle, P.E. of 
Geisser Engineering Corporation, regarding visual structural review of the King Philip 
Mills Smoke Stack. 

 A two-page letter, dated August 16, 2014 from Wilbur E. Yoder, AIA, PE, regarding 
the King Philip Mill Chimney. 

 A one-page letter, dated August 21, 2014 from Jeff Cabral, President of Jeff Cabral 
Contracting, Inc., regarding the King Philip Mill chimney. 

 National Register of Historic Places Inventory - Massachusetts Historical Commission 
Form A for King Philip Mills 

 Tall Chimney Construction – A Practical Treatise on the Construction of Tall Chimney Shafts, 
written by Robert M. Bancroft and Francis J. Bancroft, dated 1885. 

 The Architects' and Builders' Pocket-Book, written by Frank E. Kidder, Fifteenth Edition, 
Revised, dated 1913. 

 Kidder-Parker Architects' and Builders' Handbook, written by Frank E. Kidder and compiled 
by Harry Parker, Eighteenth Edition, Revised, dated 1942.  
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Summary of Existing Conditions 
 
According to historic records, the radial brick chimney for the King Philip Mills was 
constructed circa 1882.  (See Photo 1 below.) 
 

 
 

PHOTO 1 – This photograph is an aerial image of the King Philip Mill complex, and it's surrounds, on the 
northwest shoreline of Cook Pond.  The chimney that is the focus of this report is enclosed within the red 
rectangle at the upper left center of the photo.  Note that north is vertically up in this image. 
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The King Philip Mills chimney appears to have been built on a granite stone masonry 
foundation.  Based on Odeh Engineers laser scan measurements, the brick chimney rises 
approximately 176'-6" above the top of the chimney foundation.  At the base, the exterior 
diameter of the chimney is approximately 21'-4".  At the top of the chimney, the exterior 
diameter is approximately 14'-0".  Analysis of the laser scan measurements showed that, as of 
the date that the laser scans were taken, the center of the exterior diameter at the top of the 
chimney was found to be approximately 3.7" in the east/west direction and 1.4" in the 
north/south direction varying from plumb relative to the center of the exterior diameter at the 
base of the chimney.  Both measurements are within the standard allowable variation from 
plumb of 1/500.  (Please refer to Photo 2 below and refer to Drawing S0.1 -
SUPERIMPOSED CROSS SECTION PLAN AND ELEVATION attached to the end 
of this report.) 
 

 
 

PHOTO 2 – This photograph shows an overall view of the King Philip Mills chimney looking from the 
southeast to the northwest. 
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On the northwest side of the chimney, extending over to the west side, at the base of the 
chimney, a large area (approximately four-feet to six-feet high by twelve feet wide) of the outer 
wythe of brick has delaminated and failed completely, exposing the next inner wythe of brick.  
The exposed inner wythe of brick revealed that most of the header bricks tying the inner wythe 
to the exposed exterior wythe of brick had also failed.  Furthermore, much of the mortar in the 
exposed inner wythe of brick was found to be deteriorated or missing.  (Please refer to 
Photos 3 and 4 below.) 
 

 
 

PHOTO 3 – This photograph shows the failed outer wythe of brick on the northwest side at the base of the 
chimney. 
 

 
 

PHOTO 4 – This photograph shows the delamination of the outer wythe of brick on the northwest side at the 
base of the chimney and the loss of mortar in the brick joints in the exposed inner wythe of brick. 
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The outer wythes of brick at the cleanout below the breech on the north side of the chimney 
were delaminating and bowing, with deteriorated mortar, a loss of mortar between bricks, 
bricks susceptible to falling, and efflorescence observed.  (Please refer to Photos 5 and 6 
below.) 
 

 
 

PHOTO 5 – This photograph shows the delamination, the loss of mortar between bricks, bricks susceptible to 
falling, and efflorescence of the outer wythes of brick at the clean-out opening below the breech on the north side of 
the chimney. 
 

 
 

PHOTO 6 – This photograph shows the displacement and bowing of the outer wythes of brick relative to the 
interior brick wall that is part of the clean-out chamber below the breech on the north side of the chimney. 
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Within the clean-out chamber below the breech on the north side of the chimney, many bricks 
have fallen from inside the chimney down into the clean-out chamber and onto the breech 
grillage.  (Please refer to Photo 7 below.) 
 

 
 

PHOTO 7 – This photograph shows some of the bricks that have fallen from the inside of the chimney into the 
clean-out chamber and onto the grillage below the breech on the north side of the chimney. 
 
Around other areas along the lower portion of the chimney missing mortar and/or remnants of 
deteriorated mortar in the outer wythe of brick were observed.  Also, smaller areas of 
failed/missing outer wythe brick were found.  Furthermore, minor cracking and areas of 
efflorescence leaching out from the outer wythe of brick were visible.  Vines were noted climb 
up and clinging onto the outer brick face of the chimney.  (Please refer to Photo 8 below.) 
 

 
 

PHOTO 8 – This photograph shows the missing/deteriorated mortar in the outer wythe of brick at the lower 
portion of the chimney; areas of missing/failed outer wythe brick; and the minor cracking and efflorescence 
leaching from the outer wythe of brick. Note the vine clinging to the chimney brick face. 
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Preliminary Structural Analysis 
 
Although deteriorated mortar and missing bricks near the base of the chimney have weakened 
the chimney, Odeh Engineers, Inc. elected to analyze the chimney, as originally built, under 
both wind loads often used for the design of tall chimneys of this era, and under current 
Massachusetts State Building Code mandated wind loads. 
 
With a laser scanner, Odeh Engineers determined: 
 

The Height of the Chimney above the stone base = 176'-6" 
The Diameter at the Top of the Chimney = 14'-0" 
The Diameter at the Base of the Chimney = 21'-4" 

 
With no access to the interior to determine the wall thicknesses of the chimney, Odeh 
Engineers, was unable to determine the tapered thicknesses of the outer brick walls of the 
chimney.  To approximate the chimney outer wall thicknesses for our analysis, Odeh 
Engineers, Inc. used a resource that builders used to construct many chimneys of this era, 
Architect’s and Builder’s Pocket Book by Frank E. Kidder (Fifteenth Edition – 1913).  
Under Kidder’s chapter on Construction of Brick Chimneys, Kidder suggests (Pg. 1225):  
“Thickness of Walls – The following is considered as a safe rule for the thickness of the outer wall of tall 
chimneys:  For the first 25 ft. from the top, one brick (8 or 9 ins); for the second 25 ft., 1½ bricks, and so on, 
increasing one half brick for each 25 ft. from the top downwards.  If the inside diameter exceeds 5 ft. the top 
length should be 1½ bricks, the next two bricks, etc.”  (Please refer to Figure 1 below.) 
 

 
 

FIGURE 1 –This figure shows the typical profile and cross-sections suggested in Kidder's Architect's and 
Builder's Pocket Book for a tall chimney similar to the King Philip Mills chimney. 
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Conservatively, using only one brick thickness (8½ in.) at the top and increasing the thickness 
of the round brick shaft by one-half brick (4¼ in.) per 25 ft. the wall thickness at the base was 
calculated to be approximately 38½ in.  Kidder also suggests designers of this era use a 
horizontal wind pressure of 25 pounds per square foot and to assume a gravity design of the 
chimney resulting in no net tension due to vertical load and wind overturning forces at any 
section of the tapered shaft.  For this first analysis, Odeh Engineers, Inc. did not use the 
Kidder suggested 25 pounds per square foot, as the chimney in question is near the shoreline.  
Instead, we used ASCE 7-05 § 6.5.15 – Wind on Round Chimneys: 
 

 Basic Wind Speed V = 110 mph 

 Importance Factor = 1.00 

 Exposure Category D (Shoreline) 
 
This resulted in a uniform horizontal wind pressure of 28.4 PSF acting on the chimney.  
Calculating the combined stresses, due to vertical forces (weight of masonry) and horizontal 
wind forces on each section of chimney masonry, the chimney masonry did not result in any 
net tension.  At the base, the maximum compression on the leeward side of the masonry 
section is approximately 162 psi and the stresses approach 0 psi on the windward side of the 
masonry section. 
 
If the walls of the chimney are thicker, as suggested by Kidder for chimneys with inside 
diameters greater than 5 ft., the vertical gravity loads would increase due to the greater 
thicknesses of masonry, but the effect of the overturning due to wind would be less because 
the sections resisting overturning are greater.  Starting with a wall thickness of 12¾ in. at the 
top and increasing the round brick shaft by one-half brick (4¼ in.) per 25 ft. the wall thickness 
at the base was calculated to be approximately 43¾ in.  Using the same wind pressures and 
calculating the combined stresses, due to vertical forces (weight of masonry) and horizontal 
wind forces on each section of chimney masonry, the chimney masonry did not result in any 
net tension.  At the base, the maximum compression on the leeward side of the masonry 
section is approximately 161 psi and the stresses approach 10 psi on the windward side of the 
masonry section. 
 
These analyses are based on field measurements of the outside of the chimney, but are based 
on “safe rules” of recommended masonry wall thicknesses used to design and build tall 
chimneys during the era that this chimney was built.  Additional investigation is necessary in 
order to measure the actual wall thicknesses at the top and at the base.  Based on these 
measurements, additional analyses need to be conducted to confirm that the original design of 
the chimney is sufficient to resist current Code mandated wind forces. 
 
If it can be determined that the chimney is sufficient to resist current Code mandated wind 
forces, it may be possible to design repairs to the deteriorated masonry and replace the missing 
bricks, such that the chimney may be salvaged and restored. 
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Preliminary Conclusions and Recommendations 
 
Despite the localized failure of the outer brick wythe of the outer shell wall of the chimney and 
the significant deterioration and loss of the mortar in the joints of the outer shell near the base 
of the chimney, the chimney appeared to be stable and plumb under the conditions observed 
by Odeh Engineers at the time of our initial inspection and laser scan measurements. 
 
The cause(s) of the deterioration and failure of the outer brick wythes of the chimney may have 
been caused by any, or a combination of the following factors: 
 

A. Since the chimney is no longer in use, entrapped moisture within the brick and lime 
mortar joints from driving rain, or from other sources such as creeping dampness, is no 
longer evaporated from the outer brick shell by the heat of the flue gases rising up 
through the chimney.  The entrapped water in the brick matrix damages the brick and 
lime mortar during repeated freeze-thaw cycles during cold weather. 

B. The most significant area of failure of the outer wythe of the chimney outer shell has 
occurred on the north and northwest side near the base of the chimney.  These areas of 
the chimney receive little to no sunlight to drive infiltrating moisture out of the brick 
wall.  The damage caused by ensuing freeze-thaw cycles results. 

C. Ivy vegetation, or other vegetation, growing up and into the outer face of the brick 
chimney may have damaged the lime mortar that binds the bricks together, allowing 
moisture to penetrate into the inner brick wythes.  Freeze-thaw cycles further damage 
the brick and mortar matrix. 

 
Based on the laser scan data acquired on site and calculations performed by Odeh Engineers, 
the following preliminary conclusions can be stated. 
 

1. The laser scan measurements indicate that the chimney remains technically plumb as of 
the date the laser scans were performed. 

2. Calculations performed by this office (utilizing the following loading requirements and 
design assumptions) indicate that the chimney was properly designed and is capable of 
resisting overturning forces created by wind loads on the chimney. 

a. Assume that the outer chimney walls are physically sound as were originally 
constructed 

b. Code prescribed wind loading 
c. Accurate height and geometry measurements acquired from the laser scanning 
d. Assumed brick wall thickness based on industry-recognized standards 

 
In order to complete the study of the chimney, this office requires the following: 
 

1. Two inspection holes will be required near the bottom of the chimney in order to verify 
the chimney outer wall brick thickness used in our preliminary analysis.  Odeh 
Engineers has contacted M. DiSandro & Sons Masonry, Inc. to provide a cost estimate 
to create and subsequently close these inspection holes.  As of the date of this report, 
Odeh Engineers remains awaiting a price quote from the masonry contractor. 

2. Confirmation that the observed brick pile in the clean-out chamber and on the grillage 
below the breech on the north side of the chimney is part of the breech chamber 
construction and not belonging to the inner face of the structural outer brick shell of 
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the chimney. 
 
After confirmation of the chimney outer brick wall shell thickness and integrity, Odeh 
Engineers can complete this study and provide recommend repair details to restore the outer 
shell wall of the chimney to its original condition. 
 
In the interim, Odeh Engineers recommends periodic visual monitoring of the outer brick shell 
wall of the chimney to assure that the structural condition of the outer shell does not worsen. 
 
We trust that this preliminary report meets your needs at this time.  Should you wish to 
proceed with a more detailed study or design, Odeh Engineers would be pleased to provide 
these additional services for the project.  In the meantime, please do not hesitate to contact this 
office if you have any questions or require additional information. 
 
Sincerely, 
 

  
 
M. David Odeh, P.E. 
Principal 
 
 
ATTACHMENTS:   DRAWING S0.1 - SUPERIMPOSED CROSS SECTION PLAN 

AND ELEVATION 
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