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EVALUATION REPORT 

 
Storm Water System Failure Engineering Evaluation 

Adrienne Arsht Center for the Performing Arts of Miami-Dade County 
1300 N. Biscayne Blvd. 

Miami, Florida 
 

February 7, 2013 
 

SEG Project No. 112046 
 

Prepared for: 
Miami- Dade County  
Miami, Florida 33128 

  

 1.0  EXECUTIVE SUMMARY 

  

 On May 20, 2012 a 12” primary roof drain pipe, hereafter referred to as a rain water leader 

(RWL), in the Ziff Ballet Opera House (ZBOH) failed during a rainfall event causing considerable 

damage to the facility. Slider Engineering Group, Inc. (SEG) was contracted by Miami-Dade 

County to investigate the cause of this failure.  SEG’s evaluation of the storm water drainage 

system at the ZBOH resulted in the opinion that multiple defects in the installation of the storm 

water drainage system caused the referenced failure.  The installation deficiencies indentified 

were deviations from the requirements of the applicable building code, contract documents, 

industry standards, and manufacturer’s installation instructions. 

  

 2.0  INTRODUCTION 

    

 2.1  Purpose  
 
The evaluation was requested by Miami-Dade County.  The purpose of the evaluation was to 

provide an opinion regarding the reported failure in the storm water system at the Adrienne Arsht 

Center for the Performing Arts of Miami-Dade County (PAC).  The comments and conclusions 

presented are the professional opinion of Slider Engineering Group, Inc. 
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 2.2 Evaluation Background 
 
The evaluation and investigative effort were directed by Harold Sturm, P.E., an Architectural 

Engineer with SEG.  The evaluation  included interviews of PAC Management personnel; a 

review of project related documentation provided by PAC Management including: photographs, 

construction drawings and contract documents; a review of the applicable Building Code and 

relevant technical standards; and by visual observations and limited testing of the storm water 

system components. A list of the primary relevant documents reviewed to date for the purposes of 

this evaluation is included in Appendix “A”.   Observations were made of piping system 

components including areas where components were concealed by interior drywall, insulation 

and interior finishes, and piping insulation.  A list of the primary SEG staff who participaed in the 

generation of this report is presented in Appendix “B”. 

 

The conclusions presented here are the professional opinions of Slider Engineering Group and 

are based on a reasonable degree of engineering certainty.    

  

 2.3 Construction Documents- to Date 
 
Drawings obtained from the contract document records of PAC Management include record 

drawings titled, Performing Arts Center of Greater Miami, Ballet/Opera House 1300 Biscayne 

Blvd. Miami Florida.   The record set was dated December 4, 2006.  

 

Sheet B-LS 1.00 lists the design code for the project as the South Florida Building Code (SFBC) 

1994 Dade County Ed. with Supplement No. 5 dated January 1998.  

The Project Manual, containing applicable project specifications, was issued for construction on 

October 24, 2001 and lists Cesar Pelli & Associates Inc. as the Architect and Fraga Engineers as 

the Plumbing and Fire Protection Engineering Consultant; Cosenti Associates, MEP Engineering;  

  

 2.4 Applicable Building Code 
 
The public records of the City of Miami Building Department reflect that building master permit # 
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015022470 for the PAC was applied for on March 15, 1999 and issued on November 2, 2001.  

Based on the application date of the construction permit, the South Florida Building Code (SFBC) 

1994 Dade County Ed. with Supplement No. 5 dated January 1998 as referenced on sheet B-LS 

1.00 was the applicable Building Code. 

   

 2.5 Contractor and Mechanical Subs 
 

Pool & Kent Company of Florida, Mechanical Contractor  

Fred McGilvery Inc, Mechanical Subcontractor. 

 

 2.6 Project Description 
 
The PAC includes two buildings: The Ziff Ballet Opera House (ZBOH) and the Knight Concert 

Hall (KCH).  The buildings are respectively located on the west and east side of Biscayne Blvd 

(see Figure 1- Site Aerial). 

 

 
Figure 1:  Site Aerial 

ZBOH 

KCH 



SliderEngineeringgroup 
 

 
Storm Water System Failure 
Adrienne Arsht Center  
February 7, 2013          Page 4 of 17 
   

 Both buildings incorporate a primary rainwater drainage system that utilizes roof drains, RWL, 

and piping to conduct rain water from roof drainage areas to in-ground drainage wells 

surrounding the buildings at street level.  No-hub (aka Hubless) cast iron soil pipe and fittings 

were used to construct the primary drainage systems. No-hub piping systems are assembled 

using a coupling comprised of an elastomeric sleeve secured by means of multiple metal bands 

to both connect and seal the pipe-to-pipe connections, and the pipe-to-fitting connections (see 

Photo 1).  Each building is also equipped with a separate emergency overflow drainage piping 

system in the event that the primary system becomes overburdened or blocked.  The emergency 

systems were constructed using PVC piping and fittings. 

  

 

 
Photo  1: Typical Hubless Coupling with Stainless Steel Bands Securing an Elastomeric Sleeve 
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 2.7 Storm Water Drainage System 
Point of Failure 
 
On May 20, 2012, a 12” diameter 

RWL above the east restroom ceiling 

on the 4th Tier of the ZBOH failed 

during a rain event.   The point of 

failure was a no-hub coupling used 

to connect a 90 degree elbow fitting 

at a transition from a vertical (down 

flow) pipe to a horizontal pipe. The 

fitting reportedly became disengaged 

from the coupling during the rain 

storm leading to separation of the 

piping assembly at the joint (see 

Photo 2) causing storm water to flood 

the facility. Photo 3 is the point of 

failure, post temporary repair. 

 

This failure of the storm water 

drainage system resulted in 

considerable damage to the interior 

finishes of the ZBOH building (See 

Appendix “C” for damage summary).  

Because the point of failure was 

located above the 4th tier of the 

ZBOH, the areas of water damage 

extended to the 4th tier, 3rd Tier, 2nd 

tier, Ballet Box Tier, Intermediate 

Level and Orchestra Level (see 

Photos 4 thru 7).  

 

 
Photo 2:  Point of Failure Showing Elbow Detached from 
Vertical Rainwater Leader 
 

 
Photo 3: Post Failure Temporary Repairs at Point of Failure 
Illustrating New Code Compliant Joint Restraints and 
Couplings (Noted by Arrows 
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Figure 2: Failure location
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Photo  4:  Damage to Interior Finishes 

 
Photo 5:  Damage to Interior Finishes  

 

Photo 6:  Damage to Interior Finishes 

 
Photo  7:  Damage to Interior Finishes 

  

 2.8 Temporary Repairs at Point of Failure 
 
It was reported that PAC Management directed the temporary repairs of the area on the night of 

the incident.  These repairs included re-assembling the failed pipe joint with a new no-hub 

coupling, the installation of temporary joint reinforcement at both ends of the elbow fitting, and 

the installation of a new pipe support hanger (see Photo 3).   



SliderEngineeringgroup 
 

 
Storm Water System Failure 
Adrienne Arsht Center  
February 7, 2013          Page 8 of 17 
   

 3.0  FINDINGS 

    

 3.1 Joint Reinforcement not Installed 
 
When water is flowing down the pipe and changes direction due to a fitting or branch opening, 

the water imposes a force on the fitting in the direction of the water flow.  This force acts to 

separate the fitting from the connection.  Joint reinforcement acts to prevent this force from 

separating the joint (as occurred in the ZBOH failure).  Additionally, the manufacturer of the no-

hub fitting, ANACO, specifies in their installation instructions to follow the joint bracing 

requirements of CISPI. 

 Section 1.04 of Project Specification 15011: Plumbing General Provisions specifies that, 

 “All work shall comply with guidelines set in the latest edition of following applicable 
standards and codes: …Cast Iron Soil Pipe Institute…”  

 

The Cast Iron Soil Pipe Institute (CISPI) was organized in 1949 by the leading American 

manufacturers of cast iron soil pipe and fittings.  The Institute is dedicated to aiding and 

improving the plumbing industry, establishing minimum manufacturing standards and installation 

guidelines and procedures. CISPI industry specification 301 governs the design and manufacture 

of cast iron pipe systems. CISPI 310 sets forth installation guidelines and procedures applicable 

to installation of pipe. For large diameter pipe, CISPI 310 states that: 

“Horizontal pipe and fittings five inches and larger must be suitably braced….at every branch 
opening or change of direction…..to prevent movement or joint separation.”  

  

Similarly, this requirement for joint restraint is mandated by the SFBC and the AANACO no-hub 

coupling installation instructions. (Appendix “D”) 

 

 Suitable bracing at joint locations, as 

required by CISPI, is achieved through the 

installation of a bolted-on joint 

reinforcement bracket.  Figure 3 illustrates 

typical joint reinforcement as recommended 

by CISPI. 
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Figure 3: Typical Joint Reinforcement for Large 

Diameter Pipe (CISPI) 

 
Photo  8:  90 degree Fitting missing Joint 

Reinforcement 

  

 During our review it was observed that no joint reinforcement was installed throughout the storm 

water drainage system.  Photo 8 is a typical example of a 90 degree pipe fitting connected with 

no-hub couplings, but is lacking the joint reinforcement specified in the contract documents. 

 

It is my professional opinion that the original pipe installer’s failure to install joint reinforcement 

on both ends of the subject elbow was the primary cause of the failure.  
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 3.2 Sway Bracing not Installed 
 
When water moves through a storm water 

pipe system, it exerts forces on the pipe that 

cause movement (sway) which results in 

misalignment between pipe sections and 

fittings. This misalignment imposes stress on 

the couplings leading to failure.  Sway 

braces restrict this movement, thereby 

protecting the connections. If these 

anticipated forces are not adequately 

restrained, coupling failure (separation) can 

result, as it did in the subject failure. 

 

Section 4609.3 (b) of the SFBC 1994 states 

that: 

“Suspended lines shall be suitably 
braced to prevent horizontal movement.” 
 

 
Also, the installation procedures outlined in 

the CISPI 310 further explains,  

“Where components are suspended in 
excess of 18 inches by means of non-
rigid hangers they should be suitably 
braced against horizontal movement, 
often called sway bracing.” 
 

Additionally, the ANACO coupling 

installation instructions (Appendix “D”) state 

that,  

“Horizontal pipe and fittings five inches 
and larger must be suitably braced to 
prevent horizontal movement.” 

 

 

 
Figure 4: Example of Typical Sway Bracing (CISPI) 

 
Photo  9:  Pipe Installation with no Sway Bracing  
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 During the survey of the pipe installation SEG observed that the piping is primarily suspended 

from single, threaded rod hangers with no “sway bracing” installed (see Photo 9).   Single point 

rod hangers, incorporating rubber sound isolators, are considered “non rigid” hangers and were 

observed installed with an un-braced length of up to 20 feet.  The installed configuration 

provides no restraint of horizontal sway motion.  Figure 3 above shows an example of typical 

sway brace as detailed by CISPI. 

 

It is my professional opinion that the original pipe installer’s failure to include sway bracing on 

the storm water drainage system pipe was a significant contributor to the failure. 

 

     

 3.3 Installer’s failure to comply w/ Hanger 
Spacing 
 
Improper support of piping causes the 

weight of the pipe or fitting, and the water, 

to be imposed on the elastomeric rubber 

sleeve of the no-hub coupling.  Additionally, 

the placement of the support too far away 

from the joint allows the weight of the pipe 

and water to be placed on the rubber 

coupling joint.  The coupling is not intended 

to support these loads. 

 

Section 3.02(C) of Project Specification 

15420: Piping Specialties, states:  

“Hubless Joints: Provide support at every 

other joint…”  

 

Also, Section 3.03(C) of Project Specification 

15425: Supports/Anchors – Plumbing/Fire 

Protection, instructs:  

 

 
Photo  10:  Pipe Installation missing Hangers 

 
Photo  11:  Piping Installation missing Hangers 
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“Place a hanger within one foot of a 

horizontal elbow.”  

 

SFBC 4609.3(b) states that supports shall be 

placed immediately adjacent to the 

coupling, and that the pipe be suitably 

braced to prevent horizontal movement. 

 

CISPI General Installation Instructions B.1 

state, for 12” pipe, a support should be 

installed on both sides of a coupling when 

installing full length (10 FT) pipe sections. 

  

At various points throughout the system, pipe 

components were observed that were not 

supported at every joint as required per 

Contract Documents.  Photos 10 thru 12 

illustrate examples of these deviations from 

specifications. 

 
Photo  12:  Piping Installation missing Hangers 

  

 
 
 

It is my professional opinion that the original pipe installer’s failure to include sway bracing on 

the storm water drainage system pipe was a significant contributor to the failure. 
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 3.4 Vertical Piping Support Improperly 
Installed 
 
Vertical runs of piping, which are termed a 

riser, are supported by a bracket (riser 

clamp) which is clamped around the pipe 

and rests on the concrete floor. This 

configuration prevents the weight of the pipe 

from being put on the no-hub couplings.  

Section 4609.2(b) of the SFBC 1994 

requires that, 

“Cast-iron soil pipe shall be supported at 

not less than at every story height and its 

base.” 

 

Also, CISPI 310 general installation 

instructions further address these 

requirements by instructing,  

“Support stacks [risers, SEG] at their 

bases and at sufficient floor intervals to 

meet the requirements of local codes.” 

 

SFBC 1994 and CISPI 310 specify that risers 

be supported by riser clamps at each floor 

level.  Vertical piping supports are intended 

to transfer the weight of the piping assembly 

to the surrounding floor system.  A lack of 

these supports will impose additional loads 

on pipe couplings along the river, leading to 

separation of the joint.   

 

 
Photo  13:  Vertical Piping missing Riser Clamps 

 
Photo  14:  Improperly installed Riser Clamp 

 
Photo  15:  Evidence of Pipe Slippage above Point of 

Failure 
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 Riser clamps were observed to be missing on several of the vertical risers (see Photo 13).  In other 

locations the riser clamps were improperly installed. Photo 14 shows a riser clamp that is not in 

contact with the floor and is therefore not supporting the weight of the pipe riser. 

 

Improper vertical support was further evidenced at the piping section directly above the point of 

failure.  Photo 15 shows that the pipe had slipped downwards in the pipe clamp at this location. 

These observed configurations impose weight on the elastomeric rubber connections of the pipe 

system. As an additional note, the riser clamps should incorporate sound isolation pads. 

    

 This riser section, just above the attic floor, is directly above the failure point of the 90 degree 

elbow in the 4th tier restroom. The slippage of the pipe is indicative of the downwards force 

imposed by the storm water pulsing through the inadequately restrained and/or braced piping 

system impacting on the elbow below.  The force of the falling storm water caused a downward 

load to impact on the fitting, which disengaged the fitting from the coupling. Additionally, the 

force of the water changing direction in the fitting will generate sway movement of the 

inadequately restrained piping system.   

 

It is my professional opinion that the original pipe installer’s failure to properly install riser clamps 

on the storm water drainage system pipe was a significant contributor to the failure. 

 

     

 3.5 Improper Installation of No-Hub 
Couplings 
 
The no-hub fittings incorporate either 4 or 6 

hose clamp bands which secure the 

elastomeric rubber sleeve to the pipes (see 

Photo 16).   

 

The manufacturer (ANACO) of the couplings 

specifies that these bands be tightened using 

a torque wrench to a torque value of 80 

 

 
Photo  16:  No-Hub Coupling with 6 Hose Clamps 
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inch-pounds for 12 inch diameter pipe and 

60 inch-pounds for other sizes.  The fitting 

that failed was 12 inch diameter. (Appendix 

“D”) 

  

 A calibrated torque wrench ensures that these values are achieved and not exceeded. An 

inadequately torqued band will provide a lower clamping/attachment force and a reduced 

sealing capacity, which makes the connection more likely to separate. 

    

 A limited survey of the bands was made to evaluate the torque of the band screws.  The survey 

examined 404 individual bands using a calibrated torque wrench.  A majority of these bands 

were found to be inadequately tightened. (98.5%) Such field testing revealed that the average 

torque value for 12 inch bands was 51 inch-pounds (80 required). The bands adjacent to the 

point of failure were evaluated. One of 30 bands exhibited the correct torque. The average value 

for other sizes was 44 inch pounds (60 required).  The values ranged from 6 to 80 inch pounds.  

45 bands (13%) were found to be stripped indicating that they were over-torqued or torqued in 

the improper sequence, and lacking adequate capacity.  

 

     

 Several of the couplings reviewed exhibited a 

deformation of the metal shield as shown in 

Photo 17. Deformation of the shield metal 

indicates that the coupling has been 

displaced from its original installation 

configuration.  This deformation is indicative 

of excessive movement of the piping system 

due to inadequate sway bracing. 

 

 

 

 

 

 
Photo  17:  Example of a Coupling with a Deformed 
Shield 
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 It is my professional opinion that, more likely than not, the original pipe installer’s failure to 

properly install the bands of the no-hub coupling on the storm water drainage system pipe was a 

significant contributor to the subject failure. 

 

     

 4.0  CONCLUSION    

  

It is my professional opinion that the ZBOH storm water drainage system failure of May 20, 

2012, was caused by the original installer’s multiple failures to install the storm water drainage 

system in accordance with the requirements of SFBC, CISPI, the piping and coupling 

manufacturer’s instructions, and the Contract Documents. These installation failures include, but 

are not limited to, lack of reinforcement installed at either end (joint) of the 90 degree elbow 

fitting (failure location), lack of sway bracing to prevent horizontal movement of the piping, 

inadequate vertical pipe supports, and inadequate installation of the ANACO no-hub coupling 

bands. It is my further opinion that the installation deficiencies referenced above fell below the 

reasonable standard of care for experienced mechanical/plumbing contractors in the Florida 

construction industry, and that this substandard installation work was the direct cause of the May 

20, 2012 storm water drainage system failure at the ZBOH, resulting in significant water 

intrusion and the subsequent damage to the facility. 

 

The latent defects and deficiencies noted above also present a continuing risk of similar future 

failure to the entirety of the storm water drainage system at both the ZBOH and the KCH. Bracing 

and shoring has been installed as a temporary measure at the ZBOH. 

    

 5.0 DAMAGE 

 

To date, the County has spent $4,268,031(numbers provided by Miami-Dade County) repairing 

the damages to the ZBOH arising from the May 20, 2012 storm water drainage system failure. 

The damage amount is preliminary amount may increase. 

In addition, SEG has inspected both the ZBOH and the KCH to identify areas where the original 

storm water drainage system was not installed in accordance with the requirements of the SFBC, 
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CISPI, Contract Documents, and manufacturer’s installation instructions. The estimated cost to 

bring these deficient systems into compliance is presented in Appendix “F”.  

     

 6.0  CLOSURE   

    

 Slider Engineering Group, Inc. is the author of the report.  Slider Engineering Group, Inc. and 

Harold Sturm, P.E. reserve the right to amend and supplement this report as additional 

information is available. 
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APPENDIX “A”  
 

Documents Review List 
 

Storm Water System Failure 
Adrienne Arsht Center for the Performing Arts of Miami-Dade County 

Miami, Florida 
 
Documents: 
 
1.        Video provided by the PAC Management taken at the point of failure on 05/20/2012. 

 
2.        Photographs taken by the PAC Management dated 05/23/2012 pages 1 thru 42. 
 
3.        Adrienne Arsht Center Report by Steven Feller, P.E., PL dated 07/03/2012. 

 
4.        Record Drawings for the Performing Arts Center of Greater Miami, Ballet/Opera House, 

prepared by Caesar Pelli & Associates, Inc. dated 12/04/2006 
 
5.        As-Built Project Manual for the Performing Arts Center of Greater Miami, prepared by 

Caesar Pelli & Associates, Inc. dated 10/24/2001 (inclusive of revisions up to 06/2006).  
 

 
6.        Repair Project photos from Fachinna Construction of Florida. 

 
 

 
Codes and Technical Standards: 

 
1.   The South Florida Building Code (SFBC) 1994 Dade County Ed. with Supplement 

No. 5 dated January 1998 
 

2.       “Standard Specification for Hubless Cast Iron Soil Pipe and Fittings for Sanitary and Storm 
Drain, Waste, and Vent Piping Applications” prepared by the Cast Iron Soil Pipe Institute 
(CISPI 301-04).   
 

3.   Manufacturer cut-sheet and instruction submittal “No-Hub Couplings” prepared by Anaco. 
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APPENDIX “B” 
 

List of SEG Contributors 
 
 
Harold Sturm, PE  Sarasota, FL 
 
Scott Harvey-Lewis, PE  West Palm Beach, FL 
 
Joe Rocchio   West Palm Beach, FL 
 
Steve Mrozinski   Tampa. FL 
 
Ali Lotfi, PE   West Palm Beach, FL 
 
Jamie Weil, PE   West Palm Beach, FL 
 
Myles Uhlir, EIT   Sarasota, FL 
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APPENDIX “C” 

 
Damage Classification Summary 

(Provided by Miami- Dade Architecture and Engineering Services) 
 

 
Access, Temporary Protection, Scaffolding 
 
Supervision, Labor, Tools, Rentals 
 
Demolition, Disposal, Air Quality 
 
Drywall, Paint, Acoustic Fabric, , Tile, Woodwork 
 
HVAC, Eelectrical, Fire Protection, Plumbing 
 
Insurance, Cleaning, Storage, Safety 
 
On-site project totals to date- $4,268,031(numbers provided by Miami-Dade 
County) 
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