
INVESTIGATION OF THE OCTOBER 10, 2012 PARKING 
GARAGE COLLAPSE DURING CONSTRUCTION AT MIAMI 
DADE COLLEGE, DORAL, FL 
__________________________________________________ 
 
U.S. Department of Labor 
Occupational Safety and Health Administration 
Directorate of Construction 
 
 
March 2013 
 
 
 

 
  

 

 



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 2 - 

 
 
 
 
INVESTIGATION OF THE 
OCTOBER 10, 2012 PARKING 
GARAGE COLLAPSE DURING 
CONSTRUCTION AT MIAMI 
DADE COLLEGE, DORAL, FL 
 
 
 
 
 
 
 
 
 
March 2013 

 
 
 

 
 
 
 
 
 
 
This report was prepared by 
Mohammad Ayub, P.E., S.E. 
Directorate of Construction 
 
 
Contributions to this report made by 
Scott Jin, Ph.D., P.E. 
Dinesh Shah, P.E. 
Gopal Menon, P.E. 
Directorate of Construction 
 
Francisco Garcia, Compliance Safety & Health Officer 
Fort Lauderdale Area Office                     



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 3 - 

TABLE OF CONTENTS 
 Page 

 

Background          7 

Introduction          8 

The Project          9 

The Collapse          16 

Detailed Field Observations        28 

Columns          28 

IT Beams          43 

Footings          45 

Production of Precast Elements        45 

Erection of Precast Elements        46 

Threshold Inspection         48 

The Consulting Engineering Group, Inc.       50 

Florida Lemark Corporation        52 

Structural Analysis and Discussion       53 

Conclusions          65 

Appendix          A-1 

 
Note: At the time of completion of this report, the test results of concrete cores, rebar specimen 
and anchor bolts were not yet available to OSHA.                    



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 4 - 

LIST OF FIGURES 
    

Fig. 1  Plan of the garage 305ʹ x 390ʹ  

Fig. 2  Elevations of the garage 

Fig. 3  Typical connection detail of DT to IT  beams   

Fig. 4  Typical connection of SP to column 

Fig. 5   Typical connection of IT to column 

Fig.  6  Typical connection of DT to shear wall 

Fig. 7   Typical interior column 

Fig. 8   Typical column splice detail 

Fig. 9   Typical detail at base of column 

Fig. 10  Aerial view of the collapse and details of columns B2, B3 and B4 

Fig. 11   Aerial view of the collapse looking west 

Fig. 12   Aerial view of the collapse looking south 

Fig.13   Another aerial view of the collapse looking south 

Fig. 14  Another view of the collapse looking south 

Fig. 15  Aerial view of the collapse looking west 

Fig. 16  Aerial view of the collapse looking northwest 

Fig. 17  Column B4 after the collapse 

Fig. 18  Orientation of columns B2 and B3 after collapse 

Fig. 19  Some of the fallen DT’s 

Fig. 20   Pre-incident aerial photo (Progress as of 09/25/12) 

Fig. 21   Level 2 Floor Plan (Progress as of 10/8/12 and 10/10/12) 

Fig. 22   Level 3 Floor Plan Progress as of 10/8/12 and 10/10/12) 

Fig. 23  Level 4 Floor Plan (Progress as of 10/8/12) 

Fig. 24  Level 4 Floor Plan (Progress as of 10/10/12) 

Fig. 25  Level 5 Floor Plan (Progress as of 10/8/12) 

Fig. 26   Level 5 Floor Plan (Progress as of 10/10/12) 

Fig. 27   Level 6 Floor Plan (Progress as of 10/08/12) 

Fig. 28   Level 6 Floor Plan (Progress as of 10/10/12) 

Fig. 29   Column B2 lying in the east-west direction  

Fig. 30   Damage to boom when crane hit B2 column (pre-collapse) 

Fig. 31   Column B2 marks after crane hit    

Fig. 32  Column B2 out of plumb - after hit by crane 



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 5 - 

Fig. 33  Column B2 shattered between level 6 and 5 

Fig. 34  Foundation of column B2 and B3 after clean-up 

Fig. 35  Base of column B2 after clean-up  

Fig. 36   B2 lower segment C113 

Fig. 37  B2 lower segment C113 

Fig. 38  B2 lower segment C113 

Fig. 39  B2 lower segment C113 

Fig. 40  Column B3 lying north-south direction 

Fig. 41   Column B3 upper segment in the yard 

Fig. 42  Column B3 lower segment fell towards south 

Fig. 43  Column B3 lower segment 

Fig. 44   Column B3 lower segment 

Fig. 45  Column B3 lower segment splice 

Fig. 46  Base of B3 cleanup 

Fig. 47  B3 column base plate and shims   

Fig. 48  Bent anchor bolts 

Fig. 49  Anchor bolts bent towards N-S 

Fig. 50  Deformed SW anchor bolt 

Fig. 51  NW anchor bolt 

Fig. 52  Column B4 remained standing after collapse 

Fig. 53   Column B4 upper segment above splice after demolition 

Fig. 54  Column B4 upper segment  

Fig. 55  Column B4 upper segment   

Fig. 56  Grout at splice  

Fig. 57  Close-up of the grout at splice  

Fig. 58   Base of column B4  

Fig. 59  Grout at base of Column B4    

Fig. 60  Footing for column A2 

Fig. 61  Columns A3 and A3.3 

Fig. 62  Base of column A3.3. No grout 

Fig. 63   Column A4 

Fig. 64  IT beam between B2 and B3 3rd level in the yard 

Fig. 65  IT beam between B2 and B3 4th level in the yard 



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 6 - 

Fig. 66  IT beam between B2 and B3 5th level in the yard 

Fig. 67  IT beam between B2 and B3 6th level in the yard 

Fig. 68  IT beam between B3 and B4 2nd level in the yard 

Fig. 69  IT beam between B3 and B4 3rd level in the yard 

Fig. 70  IT beam between B3 and B4 4th level in the yard 

Fig. 71  IT beam between B3 and B4 6th level in the yard 

Fig. 72   Exposed foundation for column B3  

 

 

 

 

 

  



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 7 - 

 

Background 

 

On October 10, 2012 a construction catastrophe occurred in the Miami-Dade College West 

Campus at 3800 NW 115th Avenue, Doral, Florida.  A six-story parking garage was under 

construction when the northeast portion of the garage suddenly collapsed, trapping and killing 

four employees and injuring three others.  Fire and rescue personnel reported to the site 

immediately, and began the painstaking task of locating bodies under the massive rubble of 

fallen precast concrete structural elements from five floors, weighing approximately 3,300 tons.  

The collapse occurred over an area of approximately 122 ft. by 132 ft.  The fourth victim was not 

retrieved until approximately a week after the collapse due to the arduous task of moving the 

heavy concrete pieces. 

The Occupational Safety and Health Administration’s (OSHA) Regional Administrator, Region 

IV, requested the Directorate of Construction (DOC), OSHA National Office in Washington, DC 

to provide technical assistance in a causal determination, and engineering assistance to the Ft. 

Lauderdale OSHA Area Office in its investigation.  Two structural engineers from the DOC 

arrived at the incident site the day after the incident and remained there for two weeks.  A few 

weeks later, another structural engineer from DOC visited the incident site and conducted 

interviews with the major participants in the project. 

Construction documents, specifications, shop drawings and contractual papers were obtained 

from key contractors.  Photos and videos were taken at the incident site and at the storage yard 

where the fallen major structural members were stored for examination. 

DOC’s investigation began immediately after the incident, and consisted of a review of all the 

construction documents, a structural analysis to determine whether the structure was designed 

properly in accord with the Florida Building Code, a review of the methods of construction, and 

conducting forensic engineering.  The following is our report.     
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Introduction 

 

The Board of Trustees of Miami Dade College (MDC) awarded a guaranteed Maximum Price 

Design-Build contract to Ajax Building Corporation (Ajax) of Florida, to design and construct a 

1,800-car parking garage on the west campus of the college at 3800 NW 115th Avenue, Doral, 

FL.  Ajax has multiple offices in Florida, and in Atlanta, GA.  The project cost was 

approximately $25 million.  The garage was designed as a six-story precast concrete structure 

with precast columns, beams, double tees and wall panels.  The beams and tees were pre-

tensioned.  There was also some cast-in place concrete.  An existing warehouse was demolished 

to facilitate part of the construction. 

The contract consisted of two parts.  The first part essentially consisted of design services based 

on a fixed lump sum price which was signed on July 26, 2011, and executed on August 11, 2011.  

The design services consisted of schematics, 50% and final construction documents.  This part 

also included geo-technical services.  Ajax had a team of consultants including an architect, a 

structural engineer, etc., to design and produce the documents.  The second part primarily 

consisted of the actual construction of the garage.  For this part, Ajax had contracted with MAR 

Contracting, Inc. of Miami, FL to design, fabricate, deliver and erect individual precast structural 

elements to complete the structure.  However, MDC, directly contracted with Coreslab 

Structures Miami, Inc.  (Coreslab) of 10501 NW 121st Way, Medley, FL in Miami-Dade County, 

FL.  Coreslab retained The Consulting Engineering Group, Inc. (CEG) of Chicago, IL to design 

the individual pieces and produce drawings for fabrication.  MAR subcontracted with Solar 

Erectors to perform the erection of the concrete pieces.  Coreslab contracted with Florida Lemark 

Corporation (Lemark) of Doral, FL to perform grouting, wash pour and other services.  Coreslab 

had its own fabrication and concrete batching plant in Medley, FL. 

MDC retained MEP Structural Engineering & Inspection Inc. (MEP) of Coconut Creek, FL to 

conduct threshold inspection of the garage during construction.  MEP prepared inspection reports 

and distributed copies of the inspection reports to Ajax and MDC.  MEP’s scope of work 
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included inspection of structural element connections, welds, shims, washers, nuts, bearing pads 

and grout at the column splices and at the column bearings over the footings. 

 

The Project 

 

The project consisted of constructing a six-story garage with precast concrete structural members 

(columns. beams and double tees) with cast-in-place footings for the columns and precast shear 

walls, see Fig. 1 for plan and Fig. 2 for elevations.  Double tees (two stems) spanned in the 

north-south direction supported by either inverted tee beams, known as IT beams, or by spandrel 

beams both running in the east west direction. In certain bays, double tees were supported over 

shear wall panels with ledges.   

 
Fig. 1 – Plan of the garage 305ʹ x 390ʹ 
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Fig. 2 – Elevations of the garage 

 

The majority of the double tees were 12ʹ wide, though some were less than 12ʹ.  The IT beams 

rested on corbels which were cast integrally with the precast columns. Generally, the double tees 

were 30" deep including 4" thick flanges.  The ITs were provided with ledges where the double 

tee stems rested over Random Oriented Fiber (ROF) bearing pads.  See Fig. 3 thru 6 for a typical 

detail of double tees, IT beams and spandrel beams.  The double tees flanges were connected to 

each other at multiple locations to act as a diaphragm.  The tees were also welded to the ITs and 

spandrel beams.  The IT beams were welded to precast columns, see detail Fig. 5. 
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Fig. 3 – Typical connection detail of DT to IT  beams   

 
 

Fig. 4 – Typical connection of SP to column 
 

DT - Double tee  IT - Inverted tee beam              SP – Spandrel beam 
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Fig. 5 – Typical connection of IT to column 

 

 
Fig.  6 – Typical connection of DT to shear wall 

 
DT - Double tee  IT - Inverted tee beam               
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The precast columns were typically 24"x24" with corbels at each floor, see typical detail below, 

Fig. 7.  The interior columns below the second floor were wider, 42" in the east-west direction 

but remained at 24" in the north-south direction.   

 
B3 upper segment C112 

 
B3 lower segment C111 

Fig. 7 – Typical interior column 

 

Except for the columns, all precast elements were prestressed.  Columns were reinforced with 

only mild steel reinforcements, and were not prestressed.  Columns were cast in two individual 

segments, the lower and upper pieces.  First, the lower piece was erected, and loaded with floor 

beams and double tees.  Then the upper piece was erected over the lower piece, and connected 

by four anchor bolts.  The 2" space between the pieces were later grouted with high strength 

grout, see typical detail below, see Fig. 8.  
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Fig. 8 – Typical column splice detail 

Typically the concrete strength was 6,000 psi, although higher strength for some members was 

required by the design, discussed later.  The typical bay of the garage was 48ʹ in the east west 

direction, and 61ʹ in the north-south direction.  The floor-to-floor height was 10ʹ-6" except 16ʹ-4" 

for the first floor.  The overall size of the garage was 305ʹ x 390ʹ, and 62ʹ high.  The first floor 

was slab on grade poured over compacted soil.  The typical cast-in-place footings for the interior 

columns was 23ʹ x 23ʹ, and was 5 ft. deep, with 4,000 psi concrete.  The precast columns were 

connected to the footings by four anchor bolts, and the space underneath the columns was later 

grouted with high-strength grout.  See typical detail below (Fig. 9) for an interior column-footing 

joint.  The anchor bolts were generally ASTM A-307 steel, and were 24" to 36" long. 
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Fig. 9 – Typical detail at base of column 

The lateral load resistance system was comprised of precast shear walls, known as wall panels, in 

north-south and east-west directions.  Wind loads were considered for the lateral load.  Seismic 

loads are not considered in Florida.  The following were the key participants in the project. 

1. The Board of Trustees of Miami-Dade College, Owner 

2. Ajax Building Corporation, Design-Build General Contractor. 

3. Harvard Jolly, Inc.,  Architects 
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4. Bliss & Nyitray, Inc., Structural Engineer of Record. 

5. MEP Structural Engineering, Inc., Special Inspector 

6. Coreslab Structures, Precast Manufacturer 

7. Solar Erectors, Precast Erectors 

8. Consulting Engineering Group (CEG), Specialty Engineer 

9. Florida Lemark Corporation, Contractor for grout. 

 

The Collapse 

The collapse occurred at approximately 11:30 a.m. on Wednesday, October 10, 2012.  At the 

time of the incident, the crane was loaded with a spandrel beam to be placed on the sixth floor 

between columns A2 and A3.  The load was near, but not at, its final position when the incident 

occurred.  The crane continued to hold the load even after the incident.  The precast structural 

members erected on the same day and on days earlier suddenly collapsed to the ground from 

column grid line A to C in the north-south direction, and from column grid line 2 to 5 in the east 

west direction.  The area impacted by the collapse measured approximately 132ʹ in the east-west 

direction, and 122ʹ in the north-south direction, see Fig. 10 thru 16 for aerial view of the 

collapse.  All 111 double tees, from the sixth to the second floor between column grid lines A 

and C fell to the ground nearly directly below their original position, and pancaked over each 

other, see Fig. 19.  One row of double tees immediately east of column grid line 5, between 

column grid lines A and C, did not fall but was badly displaced, skewed and leaning.   
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Fig. 11 – Aerial view of the collapse looking west 

 
Fig. 12 – Aerial view of the collapse looking south 
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Fig.13 – Another aerial view of the collapse looking south 

 

 
Fig. 14 – Another view of the collapse looking south 
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Fig. 15 – Aerial view of the collapse looking west 

 

 
Fig. 16 – Another view of the collapse looking northwest 
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The collapsed double tees weighed approximately 3,000 tons.  Two double tees north of grid line 

B and two double tees south of grid line B between columns B4 and B5 were also displaced.  

Ten IT beams between columns B2 to B4 from all floors, six to second, fell to the ground 

slightly skewed from their original position.  The ten IT beams weighed approximately 250 tons.  

The sixth and fifth floor IT beams between columns B5 and B4 did not fall to the ground but 

sloped and leaned, and rested on the east end of the fourth floor IT beam.  See Fig. 17.   

  

Fig. 17 – Column B4 after the collapse 

The upper and lower segments of columns B2 and B3 fell to the ground near their bases but 

skewed in different directions, see Fig. 18.  The upper segment of column B4 above the fourth 

level fell to the ground, but the lower segment of column B4 and the remaining upper segment 

remained standing almost plumb, still attached to its footing.  The splice between the upper and 

lower segments of column B4 remained intact. The weight of the B2 and B3 columns were 

approximately 45 tons.  Thus, the total weight of concrete members collapsed into grids A to C 

and 2 to 4 was approximately 3,300 tons.  The columns on the A grid lines remained standing but 

out of plumb, see Fig. 19.   
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Fig. 18 – Orientation of columns B2 and B3 after collapse 

 

 
Fig. 19 – Some of the fallen DT’s 

 

The fifth through third floor spandrel beams between column lines A-2 and A-3 remained in 

place, and did not fall.  But the second floor spandrel beam fell to the ground towards the north.  

The sixth floor spandrel beam was still hoisted by the crane, and the crane did not release the 



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 23 - 

load.  All four spandrel beams from the sixth to the third level between column lines A-3 to A3.3 

remained intact except the second floor spandrel beam which fell to the ground.  All five 

spandrel beams between column line A3.3 and the elevator shaft, and between elevator shaft and 

column line A-4 remained in place.  All spandrel beams between column lines A-4 and A-5 

remained in place except the fifth level spandrel beam which fell to the north. 

 

The erection of the precast elements including double tees, beams and columns that fell took 

place at different times.  Precast elements west of column grid line 3 were erected some three 

weeks before the incident, see Fig. 20.  Erection of precast elements east of column grid line 3 

took place in the last three to four days before the incident.  Four hours before the incident, the 

ITs and some double tees on higher floors were placed between column grid lines 2 and 3.  The 

extent of erection up to the time of the incident is shown in Figures 21 thru 28. 

 

 
Fig. 20 – Pre-incident aerial photo (Progress as of 09/25/12) 

 

Note B3 column was erected on 9/14/12, 26 days before the incident 

  



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 24 - 

 

Fig. 21 – Level 2 Floor Plan (Progress as of 10/8/12 and 10/10/12)

 

Fig. 22 – Level 3 Floor Plan (Progress as of 10/8/12 and 10/10/12) 
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Fig. 23 – Level 4 Floor Plan (Progress as of 10/8/12)

 

Fig. 24 – Level 4 Floor Plan (Progress as of 10/10/12) 
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Fig. 25 – Level 5 Floor Plan (Progress as of 10/8/12) 

 

Fig. 26 – Level 5 Floor Plan (Progress as of 10/10/12) 
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Fig. 27 – Level 6 Floor Plan (Progress as of 10/08/12)

 

Fig. 28 – Level 6 Floor Plan (Progress as of 10/10/12) 
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Two employees of Solar Erectors, Inc., one employee of E&E Concrete Pumping Services Inc., 

and one employee of Stryker Electric Inc., were trapped under the massive falling concrete 

pieces and were killed.  Three employees of Florida Lemark Corporation were injured. 

Detailed Field Observations 

The detailed field observations were limited to the area of collapse, i.e., the area bounded by grid 

lines A to C, and grid lines 2 to 5.  The precast columns were manufactured in two pieces, 

identified as upper and lower segments.  The inverted T-beams are identified as BB23 6, 

specifying the location of the inverted T-beam at level 6 between columns B2 and B3. 

Columns 

Column B2 Upper Segment   

The upper segment of column B2 flipped 180 degrees and fell to the ground in the east-west 

direction with the tip facing towards the base, approximately 15 ft. away, see Fig. 29.  The upper 

and lower segments of column B2 separated at the splice below the fourth floor.  The three 

corbels remained relatively intact.  However, the column between corbel 6 and corbel 5 was 

shattered, exposing the longitudinal re-bars.  This is believed to have occurred after the column 

hit the ground as broken pieces of concrete were visible near the shattered portion of the column.  

The upper segment was 24"x24". 

           

                     Fig. 29 – Column B2 lying in the east-west direction 

C113 –  lower segment 

 C114 –  upper segment 
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Two days before the incident, on October 8, 2012, the boom of a crane carrying a wall panel, and 

moving slowly from north to south (per Solar Erectors), struck the very top of the upper segment 

of column B2, see Fig. 30 and 31.  Looking from the ground up, an engineer employed by 

Coreslab observed that the column splice was free of any cracks and distress, and therefore 

advised the erector to continue with the erection.  The engineer did not perform any close 

examination in a man-basket or order any X-rays to determine whether any internal cracks 

resulted as a result of the bump.  The next day the erector’s transit indicated that the upper 

segment of the column was ¾" out of plumb towards the south and west directions as a result of 

the bump, see Fig. 32.  The erector’s supervisor, however, recalled during an interview with 

OSHA that the column was reported by the foreman to be 1¾" out of plumb.  Regardless of the 

magnitude of the out of plumbness, the column was made plumb by wedges and shims when IT 

beams and double tees were placed on October 10, 2012.  The Solar Erector’s foreman said that 

the lower segment of column B2 was not plumbed after the incident with the crane.  It is not 

known whether there was a need to plumb the lower segment. 

            
    Fig. 30 – Damage to boom                               Fig. 31 – Column B2 marks after crane hit 
    when crane hit B2 column 
    (pre-collapse) 
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Source: Photo obtained from Miami Dade Police. Photo taken on 10/8/2012. 

Fig. 32 – Column B2 out of plumb - after hit by crane  

Field observation of the bottom of the upper segment of column B2 indicated that the 

reinforcement welded to the splice base plate was pulled off, and the embedded steel plate 

seceded and remained with the lower segment of the B2 column after the collapse. 

Field observation indicated that the splice was grouted under the splice base plate.   The three 

east corbels were free of any damage as there were no loads placed over them before the 

collapse. The three west corbels showed signs of distress when the IT beams fell off the corbel.  

The mid-section of the column between the sixth floor and the fifth floor corbel was shattered, 

believed to have happened during the collapse, see Fig. 33. 
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Fig. 33 – Column B2 shattered between level 6 and 5 

 

Column B2 Lower Segment 

The lower segment of the B2 column fell approximately in the east-west direction nearly parallel 

to the upper segment of column B2 except it did not flip 180 degrees.  The bottom of the lower 

segment of the B2 column pointed towards the base.  The two corbels remained relatively intact.  

The wider portion of the column remained mostly intact but the column above the second floor 

was badly damaged during the collapse, see Fig. 39.  After the clean-up, see Fig. 34, it was 

discovered that there was 4" thick grout under the base plate of the column, although it did not 

cover 100% of the required area.  Of the four anchor bolts projecting from the footing, the 

northeast and southeast anchor bolts were bent towards the east, while the other two anchor bolts 

remained nearly vertical, see Fig. 35.  It was further noted that there were two stacks of steel 

shims, each containing six shims 6"x6". 
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Fig. 34 – Foundation of column B2 and B3 after clean-up 

 

     

Fig. 35 – Base of column B2 after clean-up  

The lower segment of column B2 was relatively intact except for the four anchor bolts at the top 

of the lower segment which was connected to the base plate embedded in the upper segment of 
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the column, see Fig. 38.  The southeast anchor bolt slipped 4½" out of the column without 

substantially damaging the column, indicating complete bond failure between the anchor bolt 

and the concrete.  There was a localized failure at the bottom of the anchor bolt where a nut was 

placed, see Fig. 36 and 37.   

        

Fig. 36 – B2 lower segment C113 

 

 

Fig. 37 – B2 lower segment C113 
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Fig. 38 – B2 lower segment C113 

The southeast anchor bolt was bent toward the west.  The bottom of the base plate was 6½" from 

the top of the concrete.  The southwest and the northeast anchor bolts were also bent towards the 

west.  The northwest bolt remained nearly vertical.  The space below the base plate was grouted 

although it could not be ascertained whether it was 100% grouted over the entire area.   

The column was 24"x24" except 42" (east-west direction) x 24" below the second floor bearings 

for the IT beams. 

 

Fig. 39 – B2 lower segment C113  
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Column B3 Upper Segment  

The upper segment of the B3 column remained intact, see Fig. 41 when it fell with little damage 

to the corbels or to the main body of the column.  The column fell towards the south, see Fig. 40.  

As in the case of B2 column, the splice base plate embedded in the upper segment seceded and 

slid away with the lower segment of the B3 column after the collapse.  The rebars welded to the 

splice base plate were sheared.  There were clear indications that the sixth, fifth and fourth floor 

IT beams were welded to the column steel plates in both east and west directions.  The column 

was 24"x24". 

             

                              Fig. 40 – Column B3 lying north-south direction  

 

Fig. 41 – Column B3 upper segment in the yard 

C111 – lower segment 

 C112 – upper segment 
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Column B3 Lower Segment 

The lower segment of the B3 column, which also fell towards the south, see Fig. 42, aligned with 

the upper segment, was unremarkable except for the fact that beginning four feet below the 

second floor IT beam bearing, the column was completely shattered and disintegrated into small 

pieces.  All 8 longitudinal rebars were bent in a cage-like manner and completely exposed, see 

Fig. 43 and 44.   

                

Fig. 42 – Column B3 lower segment fell towards south 

       

          Fig. 43 – Column B3 lower segment                                    Fig. 44 – Column B3 lower segment 

There were indications that the IT beams were welded to the column’s steel plates at the second 

and third floors in the east and west directions.  The four anchor bolts at the splice plates were 

intact but the splice base plate was bent.  There were indications that there was grout at the splice 

between the upper and lower segments. 

C111 – lower segment 
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Fig. 45 – Column B3 lower segment splice 

After the cleanup, see Fig. 46, it was discovered that grout was not placed at the footing 

underneath the column, but there was one stack of six shims 10"x10" placed under the column 

near its center, see Fig. 47.  The shims left a faint mark over the footing without any deformation 

in the footing concrete.  The four anchor bolts were bent like S curves, and were leaning towards 

each other in the north-south direction, see Fig. 48 thru 51.  The two 9"x24" base plates were 

bent, see Fig. 47.  The footing remained leveled within an inch at the four corners. 

          

      Fig. 46 – Base of B3 cleanup                                 Fig. 47 – B3 column base plate and shims   

Note:  
Splice plate remained 
with lower segment C111 
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    Fig. 48 – Bent anchor bolts                       Fig. 49 – Anchor bolts bent towards N-S     

               

         Fig. 50 – Deformed SW anchor bolt                                          Fig. 51 – NW anchor bolt 

Column B4 Upper Segment 

The upper segment of column B4 disintegrated between the fifth level and fourth level corbels.  

The fourth floor splice remained intact.  The remaining portion of the column fell to the ground 

towards the east-west direction, see Fig. 40.  When the column partially disintegrated above the 

fourth floor and below the fifth floor corbels, see Fig. 53 thru 55, the IT beams between columns 

B-4 and B-5 supported over the sixth and fifth floor corbels fell over the fourth floor IT beam, 

and remained there after the collapse, see Fig. 52.  The remaining portion of the upper segment 

remained connected to the lower segment through the splice.  The column was 24"x24" 

reinforced with four #11 bars. 
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Fig. 52 – Column B4 remained standing after collapse 

 

Fig. 53 – Column B4 upper segment above splice after demolition 

        

                                   Note:  Section missing below the fifth floor corbel 

 Fig. 54 – Column B4 upper segment                 Fig. 55 – Column B4 upper segment   
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Column B4 Lower Segment 

The lower segment of column B4 did not fall and remained standing well after the collapse, see 

Fig. 52.  Attached with the lower segment through the splice was the partial upper segment of the 

column from the location of the splice to the midsection between the fourth and fifth corbels.  

The column was nearly plumb within an inch.  The splice between the segments was grouted for 

¾ of the area but ¼ of the area did not appear to have been grouted, see Fig. 56 and 57.  Also, 

smaller shim plates were used at the splice.  The four anchor bolts at the splice remained intact, 

and had to be burnt during the removal phase.  The third floor corbel was unremarkable.  The 

column became wider below the second floor to 42" (E-W) x 24" (N-S).  The lower segment was 

undamaged. 

There were weld remnants to indicate that the IT beams were welded to the steel plates 

embedded in the column at all floors.  After the cleanup it was confirmed that there was grout 

underneath the column at the footing level.  The grout measured approximately 4" high, see Fig. 

58 and 59. 

                

          Fig. 56 – Grout at splice of B4 column   Fig. 57 – Close-up of the grout at splice 
            of B4 column 

                                    

           Fig. 58  – Base of column B4    Fig. 59  – Grout at base of Column B4  
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Column A2 

The A2 column remained standing, but was out of plumb.  The second floor spandrel beam 

became disconnected and fell to the ground nearly parallel to the east-west direction.  Apart from 

being out of plumb, there was no remarkable damage to the column.  After the cleanup, it was 

discovered that the base of the column was fully grouted at the footing level.  Also two sets of 

shim plates were used.  The two north anchor bolts were intact and not bent.  However, the 

southeast and southwest anchor bolts were bent and leaning towards the south.  The anchor bolts 

were most likely bent during the removal phase. 

                          

                                     Fig. 60  – Footing for column A2 

Column A3 and A3.3 

Columns A3 and A3.3 had a combined footing due to proximity.  A3 and A3.3 also remained 

standing, and were out of plumb.  The second floor spandrel beam lost its support and fell to the 

ground.  The two columns were mostly undamaged, and had a common footing.  After the 

cleanup it was discovered that the underside of column A3 was grouted at the footings, see Fig. 

61.  Also, shim plates were used at the center of the column.  All four anchor bolts of column A3 

were leaning towards the north.  For the A3.3 column, there was no grout under the column, see 

Fig. 62.  The four anchor bolts of the A3.3 column were bent and were leaning severely towards 

Note the grout at the base 
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the south, almost 30 degrees to the horizontal.  It is believed that the anchor bolts were bent 

during the demolition/removal process. 

    

                  Fig. 61 – Columns A3 and A3.3          Fig. 62 – Base of column A3.3. No grout 

Column A4 

Column A4 remained standing after the collapse but was out of plumb, 11½" towards the north, 

and 5½" towards the west.  Besides, A4 column was cracked near the splice in the upper 

segment.  The fifth floor spandrel beam fell during the incident and ended up standing upright 

leaning against the other spandrel beams, see Fig. 63. 

 

Fig. 63 – Column A4 
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IT Beams 

Generally speaking, close examination of the IT beams, see Fig. 64 thru 71, indicated that the IT 

beams were welded at both ends to the columns, at least partially, approximately three inches as 

a minimum at all locations.  With regard to the welds of the double tees to the IT beams, the field 

observations indicated that there were certain beams to which the double tees were not welded.  

Most notable were the fifth and fourth floor IT beams between columns B2 and B3.  The contract 

documents required that welding of connections shall follow closely behind the erection of the 

units, see appendix A-14. At places, they were welded at two locations out of four, e.g., IT beam 

on the third floor between columns B2 and B3; and IT beam on the second level between 

columns B3 and B4.  The IT beam on the third floor between columns B3 and B4 was welded on 

one side only.  The IT beam on the second floor between columns B2 and B3 was welded at 

fewer locations.  Similarly, the IT beam on the sixth floor between columns B3 and B4 was 

welded on one side only. 

 

              
Fig. 64 – IT beam between B2 and B3                Fig. 65 – IT beam between B2 and B3  

   3rd level in the yard        4th level in the yard 
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Fig. 66 – IT beam between B2 and B3   Fig. 67 – IT beam between B2 and B3  

 5th level in the yard     6th level in the yard 
 
 

        
Fig. 68 – IT beam between B3 and B4   Fig. 69 – IT beam between B3 and B4  

   2nd level in the yard       3rd level in the yard 
 
 
 

        
Fig. 70 – IT beam between B3 and B4  Fig. 71 – IT beam between B3 and B4  

4th level in the yard     6th level in the yard 
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Footings 

The foundation of the columns consisted of cast-in-place individual footings except for the A3 

and A3.3 columns which had a combined footing.  The footings were generally 23ʹ-6" x 23ʹ-6" x 

5ʹ-0" deep, see Fig. 72.  All footings were determined to be within tolerance levels regarding 

their size and levelness.  The footings generally were cast with 3,000 psi concrete.  No undue 

settlements were detected.   

 

Fig. 72 – Exposed foundation for column B3  

Production of Precast Elements 

All precast elements were produced by the Coreslab Structures Miami, Inc. manufacturing plant 

located in Medley, FL in Dade County.  The plant is located a few miles from the construction 

site.  Coreslab Structures Miami, Inc. is a subsidiary of Coreslab International, Inc.  which also 

owns several subsidiaries manufacturing precast elements in several states in the U.S.  Solar 

Erectors US, Inc. also falls under the umbrella of Coreslab International, Inc. 

As discussed earlier, Coreslab retained CEG of Chicago as a Specialty Engineer to furnish actual 

design of individual members, e.g., columns, IT beams, double tees, shear walls, spandrel beams, 
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wall panels, etc.  CEG’s design was based upon the criteria and information provided by the 

structural engineer of record.  CEG has been designing precast elements for Coreslab for over 

fifteen years.  Detailed drawings and computations were sent to the structural engineer of record 

for approval, after which they were scheduled for fabrication in the order required by the erector.  

Double tees and IT beams were manufactured in a “line” assembly, seven at a time, and they 

were prestressed.  Columns were manufactured one at a time and were not prestressed.   

Coreslab has its own concrete batching plant to produce concrete using one of the three design 

mixes approved by the structural engineer of record.  Testing of concrete was conducted as per 

ACI requirements.  Coreslab used the design summary sheet prepared by CEG to manufacture 

the precast elements.  For some of the precast elements, CEG inadvertently indicated concrete 

strengths lower than what was required by the design.  This was discovered by Coreslab after the 

incident, and is discussed in detail later in this report. 

An engineer from Coreslab frequently visited the construction site to coordinate the erection and 

delivery schedule, and to resolve issues in consultation with CEG, at times on a daily basis.  The 

Coreslab engineer was informed by the erector of the strike on the top of the B2 column by the 

crane boom.  After having examined the fourth floor splice from the ground the next day, the 

engineer asked the erector to proceed with the erection as discussed earlier.  The engineer saw no 

visible crack at or near the splice from the ground. 

 

Erection of Precast Elements 

Solar Erectors US Inc., a subsidiary of Coreslab International, Inc. was the designated erector.  

The erection of the precast elements started approximately in July 2012.  There were six 

employees in the “raising gang”.  Solar rented two Sims cranes initially but this was reduced to 

one by the time of the collapse.  There was an erection foreman at the site everyday who guided 

the raising gang.  The erection began at grid line 11 and A at the northwest corner.  Typically, 

two bays would be erected with all precast elements, e.g., IT beams, double tees and spandrel 

beams placed up to the roof level.  After the two bays were completed, then the next two bays 

would be begun.  There were two transits, one for the north-south direction, and the other for the 
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east-west direction.  Initially, the columns would be plumbed by means of the four leveling nuts 

before any horizontal members were placed.  If there would be a need to re-plumb the columns 

later, which often occurred during erection, wedges and shims would be placed between the IT 

beams and columns, and the IT beams and double tees.  Leveling nuts would not be re-adjusted. 

There were two crews of welders who would follow the erectors to weld the IT beams to the 

column, the double tees to the IT beams, and the flanges of the double tees.  The first crew would 

weld approximately 3", and the rest of the weld would be completed by the second crew which 

followed behind the first crew.  The crane would not release the load until the weld by the first 

crew was completed, although it was discovered later that this was not true in all cases.  For 

example, post-incident observation indicated that the double tees were not welded to the IT 

beams on the fourth and fifth levels between column B2 and B3, discussed earlier. At times, 

there was a time lag of two days between the crews.  The normal practice was to weld the double 

tee to the IT beam at each end of the double tee, and at least two or four connections between the 

flanges.   

Although the Solar Erector foreman stated that it took approximately 30 minutes or longer to 

erect either an IT beam or a double tee, the erector on the day of the incident erected two IT 

beams on the fifth and sixth floor between columns B2 and  B3, and at least eleven double tees 

which would normally have taken 6½ hours.  This was accomplished in less than four hours, 

showing an urgency to complete the work as fast as possible. 

When asked why the B2 column was not braced on the day of the incident, the Solar Erector 

foreman said that the B2 column was already braced by the IT beam on all floors in the east- 

west direction, and by double tees on all floors except on the sixth floor in the north-south 

direction.  

The foreman recalled that he was only a few feet from the A2 column, and was confident that the 

collapse initiated from the west and proceeded towards the east.  The foreman said that the east 

bay was the last to fall. 
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The Solar Erector’s foreman had a supervisor who would occasionally visit the site, and he 

essentially depended upon his foreman to complete the job. The supervisor had little input on the 

erection at this site. 

Threshold Inspection 

Under Florida statue 553.71, the garage structure was classified under threshold Structures, and 

therefore required a special inspection by a certified special building inspector according to the 

Florida Building Code. The Miami Dade College authorities accepted the proposal from MEP 

Structural Engineering, Inc. (MEP) to perform the services of code review, threshold inspection 

and code inspections.  The scope of their work under threshold inspection was detailed in the 

construction document S1.02 prepared by the architect and the structural engineer of record.   

The principal threshold inspector was required to be a licensed professional engineer, but his 

authorized representatives who performed under the responsible charge of the threshold 

inspector were not required to be an engineer.  MEP’s threshold inspectors were Mr. Otto 

Letzelter, PE, and Mr. Hector Vergara, PE.  The authorized representative at the site was Mr. 

Eduardo Martin.  Martin was at the site practically every day from 8:00 AM until the close of 

business.  For the final inspection of welds and items that needed engineering evaluation, Martin 

would call either Letzelter or Vergara for assistance and guidance.  For all other items, Martin 

would conduct the daily inspections himself and write a daily report commenting on the items he 

had inspected either the same day or the day before.  Martin’s reports would generally be 

stamped and signed by Vergara.  The reports were sent to the owner, general contractor and 

others. 

Martin or his supervisors did not inspect temporary bracings, only the permanent elements which 

included all connections between beams and columns; double tees to beams, spandrels and wall 

panels; flange connections between double tee flanges; splice connections of the columns; 

connections of the columns to the footings; shims, grouts, anchor bolts, etc.  Interestingly, all 

inspections of the column splices were conducted from the ground outside of the safety lines, 

sometimes from as far as 40 feet away.  With the splices located some 30 feet above the ground, 

visual inspection could not be considered reliable. Martin did not request a man basket to 

conduct inspections.  Inspection reports of the upper segment of columns B2 (C114), B3 (C112) 
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and lower segment of column B2 (C113) are attached, see table below and appendix A-10 and 

A-11.  The inspection reports on the column B3 lower segment (C111), and column A3.3 lower 

segment (C135) where the grout between the footing and the column was discovered to be 

missing after the collapse, are not available.  In fact, there are eighteen columns where there are 

no reports of inspection of the grout.  They are: A2, A3, A3.3, A11, A.3-11, B3, B6, B10, B11, 

C9, C11, D10, D11, E10, E11, F5, F7 and F8.  It is not certain whether there are grouts at all of 

these locations, but it is certain that there were no grouts at B3 and A3.3.  

Column ID MEP Inspection date MEP Report # 

B3 lower segment C111 not available not available 

B3 upper segment C112 8/7/2012 1082 

B2 lower segment C113 10/8/2012 1233 

B2 upper segment C114 10/8/2012 1233 

Note: see  MEP Structural Inspection report in appendix A-10 and A-11. 

As a representative of the Special Inspector, Martin did not appear to be well versed with the 

process of how erection proceeded at the site on a number of issues.  When asked whether the 

contractor would place the grout under the column base plate at the footing level before or after 

the IT beams were erected, Martin expressed a lack of knowledge.  When asked whether the 

contractor would place welds connecting the IT beams to the columns immediately after erection 

of the IT beams, Martin expressed ignorance.  When asked whether he would examine the transit 

readings of the columns to ensure plumbness, he said that he never saw them. When asked 

whether the contractor would complete welds of the double tees to the IT beams at the lower 

floors before completing the erection of precast elements at the next higher floors, Martin 

expressed his inability to answer the question. Martin was on the site on October 8, 9 and 10 of 

2012.  Martin did not know that the boom of a crane had hit the top of the column B2 on October 

8, 2012.  In fact he reported that he heard of the incident after the collapse.  He also stated that 
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some of the information that he entered in his reports was based upon what others told him, 

which he would verify later.  Martin said that he did not issue any letter of non-compliance on 

any matter on this project. 

Letzetler, PE of MEP visited the site approximately 10 times during the course of construction.  

The primary reason of his visits was to inspect permanent welds, as required by Miami-Dade 

County that a professional engineer examine all permanent welds.  He noticed deficiencies in 

approximately 10% of the welds which were later corrected at various times.  A majority of the 

deficient welds needed additional pass.  A few had to be redone.  Letzetler stated that the welds 

were substantially complete from the 2nd to the 5th floor up to 10 feet east of column line 5.  

Letzetler stated that MEP was required to check the plumbness of the column at the completion 

of the project. 

The Consulting Engineering Group, Inc. 

Coreslab retained The Consulting Engineering Group, Inc.  (CEG) of Prospect, IL, as a specialty 

engineer, to design the individual precast pieces, draw details of the connections and prepare 

erection drawings of the various precast elements.  These details and drawings were meant to be 

used by Coreslab to fabricate the precast elements, and to be used by the precast erectors for 

placement of the individual pieces.  These drawings did not indicate the temporary bracings to 

maintain stability during construction until all the elements were in place. 

CEG was responsible for the adequacy and conformance of the design to the applicable building 

codes.  Although the design was forwarded to the structural engineer of record for his approval, 

the responsibility for the design rested with CEG.  There were no major comments by the 

structural engineer of record on the submissions by CEG.  The structural engineer of record is 

responsible for the overall design after the building is completed.  To facilitate fabrication and 

erection, CEG marked every precast element with two numbers.  The first number was the piece 

mark, and the second the control number, e.g., C-111 (1269)   There could be more than one 

element with the same C-111 mark in the project, but the control number was a unique number 

assigned to a specific location where the elements would be actually erected. 
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During the fabrication of precast elements, CEG and Coreslab frequently consulted each other to 

clarify things and make some minor changes to suit the fabrication process.  There was one 

major issue, however, that we discovered during the investigation.  It appears that this issue was 

already known to CEG and Coreslab, but only after the collapse.  For columns B3 through B-6, 

the required concrete design strength was higher than the strength of the concrete employed in 

fabricating them.  This occurred because of an error on the part of CEG personnel who 

mistakenly indicated 6,000 psi as the design strength of the concrete.  CEG reanalyzed the 

columns and came to the conclusion that 6,000 psi for the upper piece of the column would be 

adequate.  However, for the lower piece of the columns, 6,000 psi would not be adequate.  A 

minimum of 7,100 psi would be required.  The 28 days break of the concrete specimen showed 

that the concrete had an actual average strength of 7,200 psi (see table below and appendix A-4 

to A-9), which is higher than the required design strength of 7,100 psi.  Therefore, CEG 

concluded after the collapse that the intent of the design was met.  Moreover because the column 

was erected some 56 days after it was fabricated, the concrete was expected to gain at least 10% 

higher strength than 7,200 psi 

Column ID Date Poured 

1st Actual 

Reading (psi) 

7 days 

strength (psi) 

28 days strength 

(psi) lowest value 

B3 lower segment C111 6/26/2012 3382  (12 1/2 hrs) 6246 7081 

B3 upper segment C112 5/29/2012 3516  (14 hrs) 6204 6978 

B2 lower segment C113 6/30/2012 4342  (2 days) 5808 7046 

B2 upper segment C114 6/4/2012 3560  (14 hrs) 6049 7309 

        Note: Concrete Cylinder test report and  Quality Control report are attached in appendix A-4 thru A-9. 

In the erection drawings, CEG stated that “Grout columns and walls within 48 hours of erection 

unless noted otherwise (uno)”, see appendix A-14.  This provision was based on the CEG’s 
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premise that erection would proceed at a natural pace and would only advance to one or two 

floors above the footing.  Once the grout was placed, the erection could place the higher floors 

without any issues. 

There was no contact or other communication between MEP and CEG during the course of the 

construction.   

Florida Lemark Corporation 

Florida Lemark had several employees at the site but just four of them were responsible for 

grouting and caulking.  One employee was injured in the incident, and another employee left for 

his native country.  Therefore, OSHA could only obtain information from the remaining two 

employees, one of whom was a supervisor.  Included in the grouting scope of work were the 

column splice locations and the column bases above the footings.  The splices were grouted with 

drypack, but flowable grout was used at the column bases.  The procedure was to build a 

formwork over the footing, some 3-4" away from the column on all four sides, and then pour the 

grout which would then flow underneath the column.  The formwork was removed the next day, 

and generally the grout which extended beyond the column was left as it was.  Sometimes, the 

grout projecting beyond the column would be cut.  It took a couple of hours for the grout to set.   

Lemark personnel did not place the shims under the columns.  The erection crew placed the 

shims and adjusted the leveling nuts of the anchor bolts while erecting and plumbing the 

columns.  During interview with OSHA, Lemark said that Lemark’s employees placed the grout 

at the columns only after the erector foreman had identified the column locations where the grout 

was to be placed.  Lemark further said that without instructions from the erection crew, the 

Lemark workers would not place the grout.  When asked why there were no grouts under column 

B3 and the A3.3 columns, they said first that they were not aware of the lack of grout, and 

second that if that was true, they must not have been instructed by the erection crew to place the 

grout at those locations. Contract documents required that grout be placed within 48 hours of the 

erection of columns, see appendix A-14.  

Lemark’s contention that it did not place the grout under the two columns because of a lack of 

instructions from the erection crew has little merit.  First, it was in their contract that they were 
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responsible to grout at all locations.  Second, they had been grouting the column bases at over 

two dozen locations after the column was set and plumbed, and before the column splice was 

grouted.  Third, they placed grout under the column bases even before all the floors were framed 

with IT beams and double tees.  Fourth, in the case of the B3 column, that column was standing 

for over two weeks, with framing completed up to the sixth floor on the west side, and still the 

base of the column was not grouted. 

Structural Analysis and Discussion 

The purpose of the structural analysis was to: 

1. Determine whether the structure as designed by the structural engineer of record and the 

specialty engineer was designed in accord with the industry standards. 

2. Determine whether the structure under construction could have supported the loads 

imposed upon it at the time of the incident. 

3. Determine the cause of the collapse. 

The structural analyses were generally limited to the area of the collapse which was bounded by 

column lines A to C and column lines 2 to 5.  The following contract documents were reviewed. 

1. Set of architectural drawings dated March 14, 2012 &/or April 25, 2012. 

2. Set of structural drawings dated March 14, 2012 &/or April 25, 2012. 

3. Set of erection drawings prepared by Coreslab. 

4. Set of detail shop (fabrication) drawings prepared by Coreslab. 

5. Set of detailed structural sheets prepared by CEG. 

6. Set of calculation sheets prepared by CEG. 

7. Contract specifications. 

The following information provided in the general notes, pertinent to the structural analysis, are 

reproduced below: 

1. “Florida Building Code”, 2007 Edition, Project is in ”High Velocity Hurricane Zone”. 

2. “Building Code Requirements for Reinforced Concrete”, (ACI 318-05). 
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3. “PCI Design Handbook”, 7th Edition. 

4. Minimum Design Loads for Buildings and Structures”, ASCE 7-05. 

5. Parking Garage Live Load = 40 psf. 

6. Design wind load: wind speed 146 mph, Exposure C, Importance Factor = 1.15. 

7. Concrete strengths shall be as follows. 

i. Prestressed elements fˊc = 6,000 psi, Minimum (u.n.o.) 

ii. Precast elements fˊc = 6,000 psi, Minimum (u.n.o.) 

iii. CIP topping  fˊc = 4,000 psi, Minimum  

iv. Footings  fˊc = 3,000 psi 

Initial strength of concrete shall be a minimum of fˊci = 3,500 psi, for prestressed 

members and fˊci = 2,500 psi for precast members, unless noted otherwise. 

8. Welded wire fabric shall comply with ASTM A185, black finish. 

9. Deformed bars shall comply with the requirements of ASTM A615, Grade 60, black 

finish. 

10. Structural plates and shapes shall be made from steel conforming to ASTM A36. 

11. Prestressing strands shall be ASTM A-416 low relaxation , 270 ksi, ½" Special  strands 

or 0.6" diameter 

12. Column anchor bolts shall comply with the requirements of ASTM A307. 

13. Column grout shall be of Sure-Grip grout from Dayton Superior or equal, Minimum fˊc = 

8,000 psi. 

The following members were analyzed for their final condition for the finished structure. 

a. Double tee 

The 30" deep prestressed double tee, 12ʹ-0" wide x 4" thick flange, was evaluated to 

support its dead load and superimposed garage live load of 40 psf.  The double tee was 

supported at each end on the ledges of the IT beam.  The double tee was evaluated as a 

simple span beam for flexure and shear.   Our structural evaluation determined that the 

double tee reinforced with (7) 1/2"ø strand as primary reinforcement with WWF in the 

flange as adequate to resist the required loads.  Shear strength was also adequate. 
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b. Ledge design of the IT beams 

The typical 24" wide x 34" deep prestressed IT beam was provided with continuous 

ledges 8" wide x 12" deep on either side of the IT beam.  The ledge of the IT beam was 

evaluated for the concentrated reaction coming from the double tee.  The ledge was 

analyzed for flexure, shear, and axial forces due to point load.  Our structural evaluation 

determined that the WWF (As = 0.135 in2/ft) in the ledge and other rebars were adequate 

to resist the resulting forces. 

c. IT beams with loads from one side and from both sides 

The 34" deep prestressed IT beam in its final condition had an additional 4" thick of cast- 

in-place wash pour (concrete topping).  The IT beam was supported at each end on the 

column corbel.  The IT beam was evaluated for its own dead load and the load of the 

double tee beam from one side only.  The beam was evaluated as a simple span for 

flexure, direct shear, and the torsion effects.  Our structural evaluation determined that 

the (28) 0.6"ø strands, other rebars and #4 stirrups in the IT beam were adequate to resist 

the required flexure and shear. 

Further, the IT beam was evaluated for loads coming from both sides of the beam.  Our 

structural evaluation determined that the (28) 0.6"ø strands, other rebars and #4 stirrups 

in the IT beam were adequate to resist the required flexure and shear. 

d. Spandrel beam 

The 10" wide x 64" deep prestressed spandrel beam consisted of continuous 8" wide x 

12" deep ledge at its bottom on interior side of the spandrel beam.  The beam is supported 

at each end on the inside pocket of the exterior column.  The beam was evaluated as a 

simple span for flexure, direct shear, and the torsion effects.  A discrepancy was noted 

that the original design calculations done by CEG showed (10) ½" ø strands and detail 

shop drawings drawn by Coreslab Structures showed (7) ½"ø strands.  Our structural 

evaluation determined that the (7) ½"ø strands, #5 rebars and #4 stirrups in the spandrel 

beam were adequate to resist the required flexure and shear. 
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e. Wall panel, shear walls and diaphragm     

The wall panels, shear walls and diaphragm design were examined, and found to be 

adequate.       

f. Column corbel design 

The IT beam was supported at each end on column corbel in the east-west direction (Fig.  

5).  The design of corbel was reviewed considering the reaction of dead and live loads 

supported by the IT beam.  During our review, a discrepancy was noted between CEG’s 

design calculation sheet and the fabrication drawing prepared by CEG for Coreslab.  

CEG showed 4 #4 stirrups while the Coreslab drawing showed 3 #4 stirrups.  Our 

evaluation determined that 4 #9 main rebars and 3 #4 stirrups were adequate to resist the 

required flexure and shear. 

g. Column 

The typical interior column which was fabricated in two segments consisted of 24"x24" 

from the parking garage level 6 to level 2 and 42"x24" from level 2 to level 1.  However, 

the shorter dimension of the column was oriented in the north-south direction.  The two 

segments of the column were spliced halfway between level 3 and level 4.  On both sides 

of the column in the east-west direction, corbels (integral part of the precast column) 

were provided to support the IT beams.  For the splice connection of the column between 

two segments, see Fig. 8. 

The following points were considered in the review of the column design. 

• The axial load of the column was calculated based on the combination of the dead 

load and reduced live load of the parking garage as per the Florida Building code. 

• The column was considered laterally supported at each floor level. 

• The splice connection of the column was assumed to be a pin connection. 

• The column was subjected to moment due to eccentricity of bearing of the IT 

beams.  During construction, the column was subjected to eccentric loads from 

one side only. 
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• Discrepancy was noticed on the design strength of concrete between CEG’s 

design calculations and fabrication drawings prepared by Coreslab.  CEG 

designed the columns for fˊc = 7,850 psi while the column was precast using fˊc = 

6,000 psi based on the fabrication drawings.  Design of the column was reviewed 

using fˊc = 6,000 psi. 

• The design of the concrete column was evaluated considering two different 

conditions, see below. 

 

Evaluation 1 

The column was evaluated in its final condition once the structure is completed.  Our 

evaluation indicated that the upper segment of the column up to level 3 with 4 #11 rebars 

was able to resist the required loads.  However, the 24"x24" column below level 3 was 

not able to resist the required ultimate axial loads of approximately 2,000 kips, when 

strength of the concrete fˊc = 6,000 psi was considered based on the fabrication drawings.   

When design strength of the concrete, fˊc = 7,200 psi based on the result of the specimen 

testing was considered, the column design was found adequate.  The 24"x42" column 

with 8 #11 rebars below the second level was found adequate to resist the required loads.   

Evaluation 2 

The column was also evaluated based on the erection sequence.  In this situation, only 

dead loads of the IT beams from one side were considered along with the cumulative 

eccentric moment from each floor’s corbel.  Our evaluation determined that the design of 

the precast column met the industry standards. 

h. Foundation design 

The foundation design was generally satisfactory. Axial forces generated at the base of 

the precast column are transferred to the footing by bearing on concrete through shim 

plate, non-shrink high-strength grout and anchor bolts.  The footing design for the typical 

interior column consisted of cast-in-place concrete spread footing of 23ʹ-6" x 23ʹ-6" x 5ʹ.  

The design strength of the concrete for the footing was considered to be 3,000 psi at 28 
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days.  Our evaluation indicated that the spread footing design with 28 #11 each way on 

the bottom was adequate to resist the loads.  The foundation was designed by the 

structural engineer of  record.  The bearing capacity of the soil was considered to be 

4,500 psf. 

i. The failure: Load on Column B3 

As discussed earlier, the base of column B3 was not grouted.  Therefore, the means to 

transfer the load to the footing were through the four 1¼" anchor bolts (A370), and 

10x10" shim plates.  Given the yield strength of the anchor bolts as 36 ksi, the maximum 

load that could be transferred to the footing through anchor bolts was 4x36x1.22 = 175 

kips.  Bearing capacity over the shim plates is dependent of the strength of the concrete in 

the column.  The following table shows a range of bearing capacity over the shim plates 

with different concrete strengths. 

Bearing strength of the loaded area for column B3 through 10"x10" shim plate & 4 anchor bolts 

Concrete 
Strength f’c 

Strength 
reduction 
factor ø 

Load 
Factor 

1.0 

Magnif-
ication 
factor 2.0 

Ultimate 
capacity■ = 

ø x f’c x 0.85 
x 2.0 x A▲ 

Load taken 
by 1 ¼" ø 
bolt = 36 
ksi x 1.22 
in2 x 4 bolts 

Total 
capacity to 
transfer the 
load to the 
footing 

Actual service 
dead load on 
column at the 
time of 
incident 

6,000 psi per 
fabrication 
drawing 

0.65 1.0 2.0 663 kips 176 kips 839 kips 1,360 kips 
greater than 
col. capacity 

7,200
*

 psi @ 
28-day 
strength 

0.65 1.0 2.0 795 kips 176 kips 971 kips 1,360 kips 
greater than 
col. capacity 

7,920 psi w/ 
10% increase 
past 28 days 

0.65 1.0 2.0 874 kips 176 kips 1,050 kips 1,360 kips 
greater than 
col. capacity 

 
■ Reference ACI 318-05, Section 10.17.1 
▲ Area of 10"x10" embedded shim plate at bottom of the column 
* Average of  two concrete cylinder test results 
 
We note that as stated earlier, laboratory reports of testing of concrete of B3 and other columns are not yet 
available to OSHA. Petrographic examination of concrete could indicate water cement ratio, presence of 
unhydrated cement, if any, and other flaws impacting concrete strength. However, for our analysis, we have 
used the concrete strength as indicated in the table. 
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In the above table, the actual bearing area of 100 square inches of the shim plates have 

been magnified by a factor of 2.0 in accordance with the applicable ACI code 318-05.  

The capacity reduction factor of 0.65 has been retained, also as per ACI code.  Three 

different concrete strengths were considered.  6,000 psi was the specified strength, 

though the design was based upon 7,500 psi.  This error occurred when CEG 

inadvertently indicated 6,000 as the concrete strength on the design sheet provided to 

Coreslab by CEG.  The 7,200 psi strength was also considered because of the specimen 

strength at 28 days.  The column was cast on June 26, 2012, and approximately 106 days 

had passed until the incident on October 10, 2012.  It is possible that the concrete would 

have gained an additional strength of 10%.  Therefore, a strength of 7,920 psi was also 

considered.  

The column was erected on September 14, 2012 or earlier.  On September 25, 2012 or 

earlier, the column was loaded with all the structural elements on the west side, with no 

load coming from the east, see Fig. 20.  It is estimated that the total dead load at that time 

was approximately 730 kips based upon the actual weights of the individual pieces, not 

considering any load factor.  As can be seen from the above table, the range of capacity 

of the column bearing was 839 to 1,050 kips, and thus failure did not occur. 

By October 8, 2012, the second, third and fourth floor IT beams were placed, and double 

tees on the second, third and partially on the fourth floor were also placed, see Fig. 32.  

This provided an additional load of 465 kips to column B3, bringing the total load to 

1,195 kips.  The failure did not occur on October 8, 2012 although the total load 

exceeded the range of the capacity of the column bearing.  The failure did not occur 

because either the actual concrete could have been of higher strength, or the 

magnification factor of 2.0 was a little conservative.  

On October 10, 2012, an additional load of 165 kips was placed on column B3 because 

additional IT beams and double tees were placed on the fourth, fifth and sixth floors.  The 

total load at the time of the collapse on column B3 is estimated to have been 1,360 kips, 

based upon the actual weights of individual pieces. The actual load exceeded the upper 
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value of bearing capacity by a third, and thus the failure occured.  If grout had been 

placed at the base of column B3, this failure would not have occurred.  

 
Actual dead load on column B3 (Load factor not considered) 

Date Actual service dead load on column B3 

September 25, 2012 730 kips 

October 8, 2012 1,195 kips 

October 10, 2012 (Incident date) 1,360 kips 

 

Seismograph 

A seismograph was set up near the construction site to record and monitor ground motions due to 

periodic blasts in a nearby quarry which usually created perceptible vibrations inside the garage 

under construction.  A review of the record of ground motions on the day of the incident 

indicated that it was of little significance to the collapse. 

 

General Contractor 

Ajax Building Corporation, general contractor, had a sizeable presence at the site including an 

engineer.  They held weekly/daily meetings at the site and were well aware of the delivery, 

erection, progress, schedule and responsibilities of various contractors at the site.  Ajax had 

direct interaction with the contractors at the site on a daily basis. Ajax had in possession all 

relevant construction documents including structural details prepared by CEG for Coreslab, see 

Fig. 9, Coreslab erection drawings, see appendix A-14, and Solar Erector erection procedures, 

see appendix A-16. Ajax referred to these documents during the course of their normal activities. 

Ajax received copies of all reports including inspection reports of the threshold inspectors.  Ajax 

employees walked around the site a number of times daily, exposing them to the progress or lack 

thereof of various critical items in the construction of the project.  Should a catastrophe occur, 

Ajax employees would therefore, be exposed. Critical items were welding of precast items to 

supporting members, providing temporary bracings, providing grouts at the column splices and 

bases among other items.  Ajax received inspection reports from the threshold inspectors 
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regularly, and with due diligence could have known that there were eighteen columns where 

there were no inspection reports of the grout at the column bases.  Among those eighteen 

columns, column B3 was erected at least 26 days before the collapse, and yet Ajax failed to take 

note of this critical failing.  The Lemark Corporation and MEP Structural Engineering 

representatives were physically at the site daily, which afforded opportunities to Ajax for 

communication and discussion. 

 

Coreslab Structures  

Coreslab retained Florida Lemark Corporation as its subcontractor to perform grouting work at 

the column splices and bases of the columns.  Coreslab’s employee(s) frequently visited the site, 

inspected the erection and progress of the construction, and addressed issues brought to their 

attention by Solar Erectors and Lemark.  For example, on October 8, 2012, when the crane struck 

column B2, a Coreslab engineer who was at the site, inspected the column and provided an 

opinion to the solar erector and others, see appendix A-2 and A-3.  In the past, Coreslab would 

frequently advise Ajax on solutions to the erection issues faced by sub-contractors.  Coreslab 

would also consult their specialty engineer before rendering a solution. Coreslab designed the 

columns, IT beams and double tees. Their engineer prepared a book of details where among 

other details, the grouting at the base of columns was detailed, see Fig. 9. Besides, Coreslab 

specifically provided a note in their erection drawings that grout be placed within 48 hours of the 

erection of the column, see appendix A-14. 

With a pro-active role at the site, and a thorough knowledge of fabrication and structural design 

requirements of the components of the garage, Coreslab representative(s) by exercising due 

diligence would have known that the bases of the columns B3 and A3.3 had not been grouted by 

their sub-contractor for over 26 days in violation of the contract requirement that grout be placed 

within 48 hours.  Coreslab could have asked their sub-contractor to take immediate remedial 

measures.  If this action was taken even on October 8, this incident could have been averted.   

Coreslab had responsibility for design and fabrication of individual pieces, and placing grout at 

the bases of the columns was a critical part of their design. In the event of a catastrophic incident, 

Coreslab employee(s) would be exposed. 



Investigation of the October 10, 2012 parking garage collapse 
during construction at Miami Dade College, Doral, FL 

____________________________________________________________________________________________ 
  

 - 62 - 

MEP Structural Engineering 

MEP was the designated threshold inspector at the site.  MEP performed poorly and in an 

unacceptable manner.  There were three MEP employees involved in the inspection of the 

construction.  Two were professional engineers who visited the site only when called to examine 

permanent welds between the structural components, or to address specific engineering issues.  

The rest of the inspections were left to another employee who was at the site on a daily basis.  

This employee was expected to inspect everything else, anchor bolts, embed items, all precast 

units for conformity with the contract documents, all column base connections, all grouted 

connections, bearing pads, etc.  In regard to column bases, the contract document required MEP 

to “check all column base connections and all grouted connections. Spot check grout installation 

procedures”.  The inspector was required to “immediately notify the contractor in person 

(emphasis ours), and the Architect and Structural Engineer by telephone (emphasis ours)” of all 

non-compliance with the contract documents, see appendix A-12.  The inspector was expected to 

conduct inspections “of all precast members and all connections using both contract documents 

and shop drawings”, see appendix A-13. 

OSHA interviewed the employee who had a daily presence at the site, and whom MEP 

designated to conduct all inspections other than of permanent welds.  The employee displayed 

poor knowledge of how the precast members were assembled, its sequence or the method or 

means of construction.  The employee said that he would examine the column splice located at a 

height of 30 feet from the ground from 40 ft. or more away from the column.  He had no 

knowledge of the plumbness of the columns. He was not aware of the incident of the crane 

striking a column until after the incident.  He said that he would complete his inspection reports 

based upon what he learned from other sources, and then would verify them later.   He failed to 

write inspection reports on the base grouts of eighteen columns.   

As discussed earlier, column B-3 was erected some 26 days before the incident, giving ample 

opportunity for the inspector to examine whether the base had been grouted.  It was in plain sight 

of everyone that column B-3 was being loaded from the west, and then from the east. If the 

inspector had performed properly, he would have known that the base had not been grouted.  He 

was then expected to inform Lemark in person to take immediate remedial measures.  He was 
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also expected to contact the architect and structural engineer by telephone.  If the inspector had 

performed properly, the incident could have been averted.  

Solar Erector 

Solar Erector’s crew and their foreman had a daily presence at the site.  Solar Erector was very 

conversant with the design details, in particular the column base details; see Fig. 9, prepared by 

Coreslab.  Solar Erector had almost daily communications with Coreslab personnel.  Solar 

Erector sought solutions from Coreslab in regard to erection issues they encountered at the site 

during erection of the precast members.  Solar Erectors understood the critical nature of the grout 

at the column bases and had in their possession documents prepared by Coreslab requiring that 

the grout be placed within 48 hours of the erection of the column.  In fact, Solar Erector’s own 

erection procedures required that “the grouting of the column bases shall be done in a timely 

manner (misspelled in the original document as manor) and as soon as possible, unless noted 

otherwise in the Erection Drawings”.  It further required that “deviation from this procedure 

must receive approval of Precast Engineer”, see appendix A-17.  In spite of the details provided 

in Fig. 9, Coreslab requirements of 48 hours, and their own erection procedure, Solar Erector 

displayed plain indifference, and continued loading the B3 column with loads coming from the 

2nd to the 6th floor on the west side of column B3.  For 26 days, column B3 stood without grout at 

the base.  Then on October 8 and 10, Solar Erectors began placing loads from the east side of  

column B3 until the incident occurred.  With reasonable diligence, Solar Erectors would have 

known that Lemark had not grouted B3 column, and could have taken immediate remedial 

measures.  Solar Erector failed to provide adequate support to the structural frame in violation of 

OSHA standard 1926.704(a). 

Florida Lemark Corporation 

Coreslab contracted with Lemark to perform all grouting work at the construction site for the 

parking garage.  Lemark’s crew consisted of seven or more employees at the site on a daily 

basis, but only four of them were responsible for grouting.  Lemark knew that they were the only 

contractor at the site performing grouting at the bases and splices of the columns.  In fact, they 

had already grouted a number of column bases and splices.  Column B3 was standing for 
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approximately 26 days without grout at its base, and was in plain sight of everyone at the site.  

Lemark should have grouted the base within days of the erection of the column, but did not.  

Another opportunity was afforded to Lemark to realize that it had failed to grout the base of 

column B-3 when Lemark grouted the splice of the same column, some 30 ft. above the base.  

With reasonable diligence, Lemark would have easily observed that the base of column B3 had 

not been grouted, and thus could have taken immediate action.  The base of the column with or 

without grout does not look the same because of 2 or 3 inches of projection of the grout beyond 

the perimeter of the column.  To trained employees such as Lemark’s employees, it would have 

been very obvious with a minimum amount of attention that the base of column B3 had not been 

grouted. 
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Conclusions 

1. The Miami Dade College Garage collapsed during construction because grout was not 

placed, as required, at the base of an interior column to adequately transfer the column 

load to the footing.  As loads on the column gradually increased on the day of the 

incident, the bearing of the column over the shim plates exceeded its capacity, resulting 

in failure.  This triggered a cascade of collapse of columns, inverted tee beams and 

double tees on all five floors weighing approximately 3,300 tons over an area of 

approximately 16,000 square feet. 

 

2. The structural engineering company responsible for threshold inspection performed 

improperly by not having checked the grout at the bases of the columns at approximately 

a dozen locations.  The threshold inspection company’s contention that they did not 

inspect the grout because they were not asked to do so by the contractor has little merit.  

The general duty clause, section 5(a)(1), of the OSH Act was violated. 

 
3. The contractor responsible for placing the grout at the bases of the columns was negligent 

in that at least one interior and one exterior column were not grouted.  The contractor had 

adequate time to place the grout as the columns were erected over approximately 26 days 

before the collapse.  The construction document required that grout be placed within 48 

hours of the erection of the column.  The contractor’s argument that he was not 

specifically asked by the erector to place the grout under the columns is flawed.  The 

general duty clause, section 5(a)(1), of the OSH Act was violated  

 
4. The structural design of the garage generally met the applicable design standards.  The 

specialty engineer inadvertently indicated 6,000 psi as the concrete strength of a certain 

column instead of 7,500 psi.  This did not contribute to the collapse. 

 
5. The precast erector failed to brace the columns in the north-south direction on the day of 

the incident.  The precast erector did not adequately support the B3 column, thereby 

causing collapse of the column. The precast erector thereby failed to maintain structural 

stability during construction.  OSHA standard 1926.704(a) was violated. 
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6. The erector did not comply with the contract requirement that “welding of connections 

shall follow closely behind the erection of units”.  The double tees were not welded to the 

IT beams between column B2 and B3 on the fifth and fourth floors, contributing to 

instability. 

 

7. For approximately 26 days, the bases of columns B3 and A3.3 were not grouted.  By 

exercising due diligence, the general contractor who had control and authority over the 

site, and direct access to inspection and progress reports, could have known that these 

column bases had not been grouted, and could have asked for immediate remedial 

measures. The general duty clause, section 5(a)(1), of the OSH Act was violated. 

 
8. Coreslab representatives were frequently present at the construction site providing 

solutions to issues faced by the precast erector and others during erection of the garage.  

By exercising due diligence, Coreslab could have known that the bases of at least two 

columns B3 and A3.5 had not been grouted by the sub-contractor retained by them, and 

could have asked their sub-contractor to take immediate action.  The general duty clause, 

section 5(a)(1), of the OSH Act was violated. 
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QC report showing B3 lower segment C111 
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Daily Concrete Cylinder Test Report - B3 lower segment C111 
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QC report showing B2 lower segment C113 
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Daily Concrete Cylinder Test Report – B2 lower segment C113 
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QC report showing B2 upper segment C114 
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Daily Concrete Cylinder Test Report – B2 upper segment C114 
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MEP Report - Inspection of column B3 upper segment C112 
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MEP Report - Inspection of column B2 lower segment C113 and upper segment C114 
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 From Project Drawing S1.02  - Part II INSPECTIONS                            
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Purchase Order issued by Coreslab Structures to Florida Lemark for grouting 
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From Solar Erector’s Erection Procedures 


