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FDOT FENCING SECTION 550 



SECTION 550 
FENCING 

550-1 Description.
Furnish, erect and reset metal fence of the type and at the locations shown in the Plans. 

550-2 Types of Fence.
The types of fence are designated as follows: 

Type A (Farm Fence). 
Type B (Chain-Link Fence). 
Type R (Chain-Link Fence for Pedestrian Overpass). 

550-3 Materials.
550-3.1 Type A Fence (Farm Fence): Meet the requirements of Section 954 for timber

posts and braces. For metal posts and braces, and for recycled plastic fence posts, meet the 
requirements of the Design Standards. 

For the fabric and all other accessories, meet the requirements of the Design 
Standards. 

550-3.2 Type B Fence (Chain-Link): For the posts, braces, fabric and all accessories
other than the concrete for bases, meet the requirements of the Design Standards. 

Use concrete as specified in Section 347, or a premix approved by the Engineer 
for bases. The requirements contained in 347-2.2, and 347-3 will not apply. 

550-3.3 Type R Fence (Chain-Link for Pedestrian Overpass): Use the fabric and
accessories specified in the Plans. 

550-3.4 Resetting Fence: Use material from the existing fence. For any additional
materials required, provide the same type of material as in the existing fence and as specified 
herein, including gates when applicable. 

550-3.5 Optional Use of Materials: For Type A Fence, a combination of steel,
aluminum, timber, recycled plastic or concrete posts may be used. Unless otherwise called for in 
the Plans, line posts of one material may be used with corner, pull and end post assemblies of a 
different material. The Engineer will permit the use of line posts of only one optional material 
and pull posts assemblies of only one optional material between corner and end post assemblies. 
Within individual corner and end post assemblies, the Engineer will allow the use of only one 
optional material. 

For Type B Fence, a combination of zinc-coated steel fence members, aluminum 
coated fence members and aluminum alloy fence members may be used. Unless otherwise 
indicated in the Plans, the Engineer will allow the use of only one type of fabric material, one 
type of line post material and one type of pull assembly material between corner and end post 
assemblies. 

550-3.6 Certification: Provide the Engineer with certified test reports from the
manufacturer confirming that all materials (posts, braces, fabric and all other accessories) 
conform to the requirements of this Section, Section 6 and the Design Standards. Provide the 
Engineer a copy of the certification at least ten days prior to fence construction. 

Also furnish the Engineer a Certificate of Compliance certifying that the fencing 
system, materials and construction practices comply with the applicable Design Standards and 
Specifications. 



  Acceptance of furnished material will be based on the Certificate of Compliance, 
accompanying test reports and visual inspection by the Engineer. 

550-4 Construction Methods. 
 550-4.1 General: Install the fence in accordance with the specific requirements of this 
Article and with the details shown on the Design Standards for the particular type of fence called 
for, except for Type R Fence which shall be detailed in the Plans. Construct the fence in close 
proximity to the right of way line except as otherwise detailed in the Plans. Assume 
responsibility for obtaining satisfactory permits or permission from property owners for any 
encroachments required to perform the work, and for proper scheduling of the fence installation 
with the removal of existing fence where it is necessary to provide continuous security to 
adjacent areas already fenced. In order to meet this requirement, where necessary for 
maintaining security of livestock on adjacent property during construction of the new fence, the 
Engineer may require the erection and subsequent removal of temporary fencing. 
 550-4.2 Spacing of Posts: Space posts as shown in the Design Standards, within a 
tolerance of 12 inches, except where definite spotting of corner posts is required. Ensure that in 
any line of fence, the over-spacings and the under-spacings shall approximately compensate. Set 
additional line posts at abrupt changes in grade. 
 550-4.3 Clearing: Where the clearing and grubbing for the project includes the area 
occupied by the fence, clear the area to the limits shown in the Plans. If the limits are not shown 
in the Plans, clear the area at least 2 feet wide on each side of the fence line. The Engineer may 
direct that desirable trees be left in place and may restrict clearing where permission from the 
property owners cannot be obtained. 
 550-4.4 Construction Over Irregular Terrain and Other Obstructions: 
  550-4.4.1 Clearance of Bottom of Fence: Install the fence such that the bottom 
of the fence, in general, follows the contour of the ground. The fence is detailed in the Plans at 
approximately 3 inches above ground line. Over irregular ground, however, the Engineer will 
permit a minimum clearance of 1 inch and a maximum of 6 inches for a length not to exceed 
8 feet, and, for Type A fence, with the barbed wire spaced midway between ground and bottom 
of fabric. 
  550-4.4.2 Grading: Where necessary to secure proper vertical alignment and to 
meet the clearance requirements, fill depressions (except where filling would obstruct proper 
drainage) and cut down knolls and ridges. Provide a substantial and permanent foundation for 
the fence. 
  550-4.4.3 Use of Extra-Length Posts. At locations where it is impracticable to 
adjust the ground level, the Engineer may require that posts of additional length be set and that 
the opening at the bottom be closed by additional barbed wire, stretched taut between poles, with 
no vertical distance between wires greater than 3 inches. For all such posts requiring a concrete 
base, extend the concrete downward to the bottom of the extra-length post. 
 550-4.5 Setting Posts: If rock occurs within the required depth of the post hole, or 
pavement which is to remain in place exists at the location of a post, drill a hole of a diameter 
slightly larger than the greatest dimension of the post or footing and grout in the post or footing. 
Set timber posts either by digging or by driving. Set recycled plastic fence posts in accordance 
with the Design Standards. 
 550-4.6 Placing Fabric: Do not place fabric and barbed wire until the posts have been 
permanently positioned and concrete foundations have attained adequate strength. Place the 



fabric by securing one end and applying sufficient tension to remove all slack before making 
permanent attachments at intermediate points. Fasten the fabric to all end, corner and pull posts 
by approved means. Fasten the fabric using tools designed for the purpose, in accordance with 
the manufacturer’s recommendations. Apply the tension for stretching by mechanical fence 
stretchers or with single-wire stretchers designed for the purpose. 
 550-4.7 Electrical Grounds: Wherever a power line passes over the fence, install a 
ground directly below the point of crossing. Install a ground rod consisting of a galvanized rod 
with connection of similar metal if required, or of other appropriate material, 8 feet in length and 
at least 5/8 inch in diameter. Drive the rod vertically until the top of the rod is approximately 
6 inches below the ground surface. Use a No. 6 conductor to connect the rod and all fence 
elements. Connect the conductor to each fence element and the ground rod by means of non-
corrosive electrical-type clamps. 

550-5 Method of Measurement. 
 550-5.1 General: The quantities to be paid for will be plan quantity for the number of 
gates and the length of each type of fence constructed and accepted. In addition, extra payment 
will be made, in accordance with 550-6.2, for additional lengths of post approved by the 
Engineer for the crossing of depressions in accordance with 550-4.4.3, muck areas, or other areas 
of inadequate support for a post of standard length. 
 550-5.2 Measurement of Fence Length, and Payment: The length of fence to be paid 
for will be plan quantity completed and accepted. Measurement for resetting fence will be the 
actual length of existing fence reset, including gates when applicable. 

550-6 Basis of Payment. 
 550-6.1 Basic Items of Fencing: The Contract unit price per foot for the item of fencing, 
will be full compensation for all work and materials necessary for the complete installation, 
including line posts, corner, end, and pull posts. Such price and payment will include, but not be 
limited to, the following specific incidental work. 
  1. Any work required to level and prepare the terrain along the line of the fence. 
  2. Any additional clearing incidental to construction of the fence. 
  3. All preparation for post holes, in whatever type of material, as specified herein. 
  4. Any furnishing and installing of electrical grounds. 
  5. Any additional work or materials required for special construction over 
irregular terrain, or terrain of inadequate support for the posts, including the additional barbed 
wire, but not including the extra lengths of posts ordered by the Engineer. 
  6. Any cost of erection and removal of any temporary fencing, which may be 
necessary for maintaining security of livestock, etc., on adjacent property during construction of 
the new fence. 
 550-6.2 Payment Rates for Extra-Length Posts: Any extra length posts added to 
complete installation of the fence will require an invoice. The Contractor will be compensated 
for invoice price plus 10% as payment for any extra length posts. 
  The standard length of steel, recycled plastic and aluminum posts will be the 
required length as indicated in the Plans or Design Standards for each type and case. 
  The payment for additional length of post will include the cost of additional 
concrete to extend concrete bases, as applicable. 



 550-6.3 Gate Payment: The quantities to be paid for will be full compensation for all 
labor, materials, posts, and associated hardware for the complete installation of the type gate 
specified in the Plans, and accepted by the Engineer. 
 550-6.4 Payment Items: Payment shall be made under: 

Item No. 550- 10- Fencing - per foot. 
Item No. 550- 60- Gates - each. 
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Dear Mr. Arenes:  

The attached report is provided as your record of the engineer’s structural analysis performed for 
the Metrorail MLK Parking Garage Structure. 

I hereby certify that the following engineering documents were prepared by me or under my 
direct supervision, and that I am a duly Licensed Professional Engineer under the laws of the 
State of Florida.  
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regarding the information presented here. 
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My license renewal date is February 28, 2023. 
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EXECUTIVE SUMMARY 
The Miami-Dade Department of Transportation and Public Works has contracted WSP USA Inc. 
to provide structural engineering analysis for the Metrorail MLK Parking Garage Structure 
(Structure) located at 6350 Northwest 25th Avenue, Miami, Florida. The Structure is currently 
closed to occupancy. 

The scope of this project is to examine the Structure’s capacity to resist the latest code-prescribed 
environmental load combinations with varying occupancy scenarios for vehicular live loads. Three 
scenarios will be investigated: 1) vehicles on all levels, 2) vehicles on ground floor and level 2 only, 
and 3) vehicles on ground floor only.  

Structural analysis that includes additional load combinations for partial and full vehicle occupancy 
on the elevated levels is also included in this report. 

BACKGROUND 
The Structure is a three-level parking garage that encompasses approximately 300,000 square feet 
of total space and provides parking space for government employees working in the adjacent 
government office building and Metrorail passengers. The Structure was constructed in the mid-
1980s and had major renovations completed in the early 2000s. Renovations included removal of 
two parking bays and framing member repairs. The Structure is a concrete framed building that 
uses precast prestressed composite beams with integral cast-in-place concrete deck.  

Under a previous task, the existing record construction documents for the Structure were collected 
and reviewed by WSP’s engineers. These records were subsequently reviewed under further 
examination during this project.  

Key information required to evaluate the Structure’s load carrying capacity is missing from the 
record documents. Therefore, to assess the existing Structure’s framing capacity, non-destructive 
testing (NDT) procedures were performed on representative beams and columns to verify and/or 
estimate the size and quantity of mild reinforcing steel and prestressing steel strands.  

The NDT examination and structural engineering analysis focused on the primary structural 
framing members (beams and columns). 

The NDT inspections were performed January 23 to January 25, 2022 by Joshua Fisher (NDT team 
leader) and Freddie Silva (engineer/inspector). Isolated portions of the Structure’s façade were 
removed to provide access for the NDT examinations. The NDT examinations included multiple 
tests to determine reinforcing layout and size. Ground penetrating radar (GPR) was used to scan 
each member in multiple directions to verify reinforcing spacing and obtain locations of reinforcing 
not shown in the record drawings. When GPR was unable to obtain clear results, a tomographer 
was used. This provided a clearer definition of steel in areas with multiple layers of reinforcing. A 
profometer was used to determine the size of the reinforcing steel.  

STRUCTURAL ANALYSIS AND DESIGN VERIFICATION  
Analysis and design verification for the Structure was performed at global and component 
performance levels following provisions of the Florida Existing Building Code 2020 and Florida 
Building Code 2020. 
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Global Performance Evaluation 
Global finite element models were developed for both South and North parts of the structure for 
evaluation of dynamic properties, overall building deformations and associated second-order 
effects (P-Delta amplification of structural demand). The following observations were made based 
on the global analysis results: 

1. Overall building deformations under wind loads (serviceability considerations) follow 
typical limitations adopted in the industry for new buildings of similar type (maximum 
interstory drift under 25-year return period wind was 1/588 versus limit of 1/400). 

2. Global second-order effects for both the South and North buildings are within acceptable 
code limits. However, it was observed that the second-order effects for the South building 
are significantly higher in comparison with the North building. Moment magnification 
factors for individual components of lateral force-resisting system in the South building 
range from 1.21 to 1.33 while the North building ranges between 1.06 and 1.11. The code 
limitation is 1.4. When combined with gravity loads, the result increases the total demand 
in the range of 1.07 to 1.2 times. High second-order effects in the South building could be 
attributed to its lower global stiffness, which could be due to partial demolition of the 
structure and removal of ramps (ramps typically provide noticeable lateral stiffness to the 
building). 

3. Dynamic properties (natural periods of vibration) are longer in comparison with 
expectations for new structures that are designed in accordance with the modern generations 
of building codes. Dynamic properties could be used as an indirect measure of building 
performance and longer natural periods are indicative of overall softer structural system that 
can result in amplification of structural demand due to P-Delta effects. It was observed that 
periods of vibration for the South building are significantly longer in comparison with the 
North building (2.0 seconds versus 1.2 seconds), which could be seen as a consequence of 
partial demolition of the South building in the early 2000s and removal of ramps.  

Component Performance Evaluation 
Component performance evaluation for Ground Floor only occupancy revealed a number of 
overstress conditions in primary components of gravity and lateral force-resisting systems for both 
the South and North buildings. See Table 1 and following framing plan views. 

Table 1 - Member Performance Summary 

Building Structural 
Element Structural Action Overstressed Elements  

(% of total) 

South 
Beams 

Flexure (negative moment) 25 out of 121 (21%) 
Shear 10 out of 121 (8%) 

Columns 
Combined axial and flexure 3 out 110 (3%) 

Shear 10 out of 110 (9%) 

North Beams 
Flexure (positive moment) 2 out of 156 (1%) 
Flexure (negative moment) 10 out of 156 (6%) 

Shear 9 out of 156 (6%) 
Columns Shear 8 out of 122 (7%) 
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Framing Plan Level 2 
Showing Level 2 beams and ground 
floor columns 
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Framing Plan Level 3 
Showing Level 3 beams and Level 2 
columns 
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In addition to the Ground Floor only occupancy scenario, two more scenarios were studied and 
summarized in this report: full occupancy (Ground Floor, Level 2, and Level 3) and partial 
occupancy (Ground Floor and Level 2). Results of the additional scenarios indicated higher degrees 
of overstress and higher percentage of overstressed components. Detailed results of the additional 
studies are provided in the report.  

The following are comments related to the general findings of the study: 

− The Demand-to-Demand comparison (calculated versus original drawings) showed good 
correlation when floor joists were not modeled, and slabs transferred loads to supporting beams 
as uniformly distributed. However, inclusion of the joists significantly changed the load 
distribution between different bays. Joist loads are concentrated loads instead of evenly 
distributed loads. Short bay beams had either two or three joists loaded onto each beam, which 
results in possible variation of loads by as much as 50 percent. This specific aspect could be 
one of the potential reasons for certain overstress conditions. 

− The demolition of two bays of parking structure in the South building reduced the number of 
moment frames resisting lateral loads while building exposure remained essentially the same in 
the N-S direction. This condition results in a higher lateral demand on the remaining structural 
components.  

− In addition to the reduced number of moment frame resisting lateral loads, the demolition 
resulted in softening of the structure as ramps were also removed. As it was shown in the global 
analysis evaluation section of this report, P-Delta effects noticeably magnify flexural moments 
in the South building versus the North building. 

Overall Condition Evaluation 
Overall, verification analysis and design revealed overstress conditions that are consistent with 
observed deficiencies and deterioration of the structure. Significant percentage of primary structural 
elements does not satisfy the code strength provisions even for partial occupancy (Ground Floor 
only), and therefore mitigation measures are necessary.  

RECOMMENDED MITIGATION MEASURES 
Considering current level of overstress and deficiency of the Structure, it is recommended to 
consider the following mitigation measures to improve structural safety of the building: 

1. Shoring of overstressed components to provide secondary load path as a temporary measure 
before permanent retrofit/strengthening solution is developed and implemented. 

2. Development and implementation of strengthening solutions for overstressed components 
can include, but not limited to, the following: 

a. Enhancement of cross section (jacketing, additional concrete and reinforcement, 
engagement of concrete toping in composite action where possible, including local 
replacement of nonstructural toping with structural toping) 

b. Exterior steel reinforcement 
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c. Use of carbon fiber reinforced polymers 

d. Introduction of exterior post-tensioning  

3. Supplementary measures to improve efficiency of the mitigation solutions: 

a. Material testing (concrete, reinforcement) 

b. Confirmation of geometric properties for primary structural components (member 
sizes, reinforcement quantities, and locations) 

These supplementary measures can potentially reduce degree of uncertainty associated with 
structural properties (when verified in the field) and allow the use of less conservative strength 
reduction factors as allowed by the code for existing building structures. 
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1.0 NON-DESTRUCTIVE TESTING INVESTIGATION 

1.1 APPROACH 
Non-destructive testing (NDT) was performed on 12 columns and 18 beams. Josh Fisher 
and Freddie Silva, PE, completed the work between January 23 and January 25, 2022. 
Multiple tests were completed at each location to determine reinforcement layout and size.  

- Ground penetrating radar (GPR) (Proceq GP8000) was used to scan each member in 
multiple directions to verify reinforcement spacing and obtain locations of 
reinforcement missing from the plans.  

- Where GPR was unable to obtain clear results, a tomographer (A1040 MIRA) was 
used. This provided information in areas with multiple layers of reinforcement.  

- A profometer (Proceq Profometer 650 AI) was used to determine the size of the 
reinforcement where achievable.  

The reinforcement layout was obtained by scanning the beam from multiple angles. The 
number of longitudinal reinforcement mats was determined by scanning the side of the 
beam in a vertical orientation. The amount of longitudinal reinforcement in each mat was 
determined by scanning transversely across the bottom of the beam. The shear 
reinforcement spacing was determined by scanning along the length of the beam. 

See Appendix A – Non-Destructive Testing Location Plan for locations of members that 
received NDT examinations. 

1.2 AREA 1 (BEAM D:9 TO E:9) 
Location: Beam D:9 to E:9, Level 2 
Beam ID: 2SB-34 
Size/Length: 16” x 28” x 60-foot span 
Precast Section: 16” x 10” x 58’ 
 
Precast longitudinal reinforcement appeared to be five lines; however, the MIRA scans 
could not determine how many mats were present. A similar beam shape with a 40-foot 
span showed two mats of five lines. Shear reinforcement was spaced 6 inches for the first 
foot from the column then measured 12 inches average. The 12-inch average spacing was 
also verified at midspan. The “A-Bar” appeared to be present at Column E:9. Due to the 
exterior post-tensioning and façade framing, access for scanning was limited at this beam. 

The similar third floor beam (D:9 to E:9, 3SB-34, 16” x 28” x 60’) was also scanned and 
demonstrated similar reinforcement to the second-floor observations.  

1.3 AREA 2 (BEAM C2:18 TO D1:18) 
Location: Beam D:18 to D1:18, Level 2 
Beam ID: 2SB-2 
Size/Length: 16” x 28” x 20-foot span 
Precast Section: 16” x 10” x 18’ 
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Precast longitudinal reinforcement appeared to be two mats of two lines. Shear 
reinforcement was spaced 12 inches on average throughout the entire beam and was 
measured to be #3 bars. B-Bar appeared to be present at Column D:18. 

Beam C2:18 to D:18 (2SB-2), 16” x 28” x 20’ span was tested as well. Both beams showed 
similar reinforcement.  

1.4 AREA 3 (BEAM E:2 TO E:5) 
Location: Beam E:4 to E:5, Level 2 
Beam ID: 2SB-29 
Size/Length: 24” x 28” x 20-foot span 
Precast Section: 24” x 6.5” x 18’ 
 
Precast longitudinal reinforcement observed was one 
mat of four lines. Shear reinforcement was spaced at 
a 5-inch average throughout. The “B-Bar” appeared 
to be present along with two top mats at Column E:4. 

Location: Beam E:2 to E:4, Level 2 
Beam ID: 2SB-40 
Size/Length: 24” x 30” x 40-foot span 
Precast Section: 24” x 6.5” x 38’ 
 
The longitudinal reinforcement was not measured at this location. See Beam E:15 to E:17 
for similar reinforcement measured. Shear reinforcement was spaced at a 5-inch average 
spacing throughout. Additional secondary shear reinforcement was observed and spaced at 
12-inch average throughout the beam for the bearing support. See Figure 1, Beam 
Section A. The “B-Bar” appeared to be present and one top mat was verified at Column 
E:4; however, the second top mat observed in the adjacent beam was not verified in this 
location due to access limitations. 

1.5 AREA 4 (BEAM E:14 TO E:17)  
Location: Beam E:15 to E:17, Level 2 
Beam ID: 2SB-29 
Size/Length: 24” x 30” x 40-foot span 
Precast Section: 24” x 6.5” x 38’ 
 
Precast longitudinal reinforcement observed was one mat of 10 lines. Shear reinforcement 
was spaced at a 4-inch average spacing full length of the beam. Additional secondary shear 
reinforcement was observed and spaced at 12-inch average throughout the beam along the 
bearing line. See Figure 1, Beam Section A. The “B-Bar” appeared to be present at 
Column E:15.  

The similar third floor beam (E:15 to E:17, 3SB-25, 24” x 30” x 40’) was also scanned at 
Column E:15. The reinforcement observed was similar to the second-floor beam 
observations. 

Figure 1 - Beam Section (A) 
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Location: Beam E:14 to E:15, Level 2 
Beam ID: 2SB-26 
Size/Length: 24” x 28” x 20-foot span 
Precast Section: 24” x 6.5” x 18’ 
 
Precast longitudinal reinforcement observed was one mat of four strands. Shear 
reinforcement was spaced at a 5-inch average spacing throughout. The “B-Bar” appeared 
to be present at Column E:15.  

1.6 AREA 5 (BEAM D:6 TO D:8) 
Location: Beam D:6 to D:7, Level 2 
Beam ID: 2SB-16 
Size/Length: 24” x 28” x 20-foot span 
Precast Section: 24” by 65” x 18’ 
 
Precast longitudinal reinforcement observed was 
one mat of four strands. Shear reinforcement was 
spaced at a 5-inch average spacing throughout. See 
Figure 2, Beam Section D. The “B-Bar” appeared 
to be present at Column D:7. Beam D:7 to D:8 was 
observed to have similar reinforcement. 

The third-floor beam (D:7 to D:8, 3SB-16, 24” x 
28” x 20’) was also scanned. The reinforcement images were similar to those observed in 
the second-floor beams; however, additional secondary shear reinforcement was observed 
and spaced 12 inches on average throughout the beam. See Figure 3, Beam Section J. 

1.7 AREA 6 (BEAM D:14 TO D:15) 
Location: Beam D:14 to D:15, Level 2 
Beam ID: 2SB-15 
Size/Length: 24” x 28” x 20-foot span 
Precast Section: 24” by 6.5” x 18’ 
 
Precast longitudinal reinforcement observed was 
one mat of four strands. Prestressed strands were 
measured to have a 0.5-inch diameter. Additional 
information for this location could not be observed 
due to limited access on the side of the beam.  

1.8 AREA 7 (BEAM D:17 TO D:18) 
Location: Beam D:17 to D:18, Level 2 
Beam ID: 2SB-39 
Size/Length: 24” x 28” x 20-foot span 
Precast Section: 24” by 6.5” x 18’ 
 

Figure 2 - Beam Section (D) 

Figure 3 - Beam Section (J) 
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Precast longitudinal reinforcement observed was one mat of four strands. Shear 
reinforcement was spaced at a 5-inch average spacing throughout. The “A-Bar” appeared 
to be present at Column D:18. 

The similar third-floor beam (D:17 to D:18, 3SB-13, 24” x 28” x 20’) was also scanned. 
The reinforcement patterns observed were similar to the patterns observed in the second-
floor beams; however, additional secondary shear reinforcing was noted with spacing at 
12 inches on average throughout the beam. See Figure 3, Beam Section J. 

1.9 AREA 8 (BEAM C:4 TO C:5) 
Location: Beam C:4 to C:5, Level 2 
Beam ID: VSB-9 
Size/Length: 24” x 28” at column C:4; 24” x 39.7” at column C:5; 20-foot span each 
Precast Section: Varies 
 
There appeared to be one mat of longitudinal reinforcement at Column C:4. There appeared 
to be two mats of longitudinal reinforcement at Column C:5. The bottom of the beam could 
not be accessed to scan for the number of strands per mat. Shear reinforcement was spaced 
at a 4-inch average spacing throughout. The “B-Bar” appeared to be present at Column C:5 
and the “A-Bar” appeared at Column C:4. 

1.10 PRECAST MEMBERS  
- 24” x 6.5” x 18’ members had 4 longitudinal reinforcement strands measuring 0.5-inch 

diameter. 

- 24” x 6.5” x 38’ members had 10 longitudinal reinforcement strands. Unable to 
measure reinforcement size due to the high quantity of reinforcement present and depth. 

- 16” x 10” x 18’ members had 4 longitudinal (2 mats of 2) reinforcement strands 
measuring 0.5-inch diameter. 

- 16” x 10” x 38’ members had 10 longitudinal (2 mats of 5) reinforcement strands. 
Unable to measure size due to high quantity of reinforcement present and depth. 

- 16” x 10” x 58’ members had 5 longitudinal reinforcement strands. Inconclusive data 
on how many mats of reinforcement were present, however the similar beam shape at 
38-foot span showed 2 mats of 5 lines.  

- Multiple precast members of each size were scanned and showed similar results.  

1.11 COLUMNS 
Multiple columns were tested on both the first and second floors. First and second floor 
columns closely matched the column schedule in the plans. NDT observations and 
measurements recorded for the columns are provided in Table 2.  
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Table 2 - Column Reinforcement 
Ground Floor 

Column  Longitudinal 
Bars  

Measured 
Bar Size  

Shear 
Reinforcement 
Avg. Spacing  

Measured 
Bar Size  Plans  

D:2 12 #13 20" #7 Detail C 
D:4 12 #13 20" #7 Detail C 
D:14 4 #7 14" #4 Detail A 
D:15 12 #10 18" #6 Detail C 
D:17 12 #8 16" #8 Detail C 
C:14 4 - 14" - Detail A 
G:9 8 #13 12" #6 Detail B 
H:9 8 #8 18" #6 Detail B 
E1:17 4 #5 16" #3 Detail A 
E2:17 4 #5 16" #3 Detail A 
E2:15 8 #6 16 #3 Detail F 

 
Second Level  

Column  Longitudinal 
Bars  

Measured 
Bar Size  

Shear 
Reinforcement 
Avg. Spacing  

Measured 
Bar Size  Plans  

D:2 12   18"   Detail C 
D:4 12   18"   Detail C 
D:14 4   18"   Detail A 
D:15 12   18   Detail C 
D:17 12   17"   Detail C 
C:14 4   18"   Detail A 
G:9 8   18"   Detail B 
H:9 8   18"   Detail B 
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2.0 ANALYSIS AND DESIGN VERIFICATION  
The assessment was conducted in accordance with the following codes and standards.  

2.1 VERIFICATION CRITERIA 

2.1.1 Codes and standards 
 General 
- Florida Existing Building Code 2020 

- Florida Building Code 2020 
- ASCE 11-99 Guideline for Structural Condition Assessment of Existing Buildings 
 Loads and Actions 
- ASCE 7-16 – Minimum Design Loads for Buildings and Other Structures 

 Material Specific 
- ACI 318-14 – Building Code Requirements for Structural Concrete 
- PCI Design Handbook: Precast and Prestressed Concrete, 6th Edition 

 Supplemental 
- ACI 318-77 – Building Code Requirements for Reinforced Concrete (listed in original 

drawings) 

- ACI 318-83 – Building Code Requirements for Reinforced Concrete (listed in original 
drawings) 

2.1.2 Approach and Methodology for Existing Building Evaluation 
Analysis and design evaluation of structural performance for the Metrorail MLK Parking 
Garage Structure (Structure) is conducted in accordance with requirements and procedures 
of the Florida Existing Building Code 2020 (FEBC 2020). In accordance with FEBC 2020, 
the evaluation of structural performance, in general case, is triggered for buildings with 
substantial structural damage to vertical elements of gravity and lateral force-resisting 
systems (unless other reasons such as alteration, expansion or change of occupancy require 
structural evaluation).  

FEBC 2020 defines Substantial Structural Damage as a condition where one or both of the 
following apply: 

- The vertical elements of the lateral force-resisting system have suffered damage such 
that the lateral load carrying capacity of any story in any horizontal direction has been 
reduced by more than 33 percent from its predamage condition. 

- The capacity of any vertical component carrying gravity load, or any group of such 
components, that supports more than 30 percent of the total area of the structure's 
floor(s) and roof(s) has been reduced more than 20 percent from its predamage 
condition and the remaining capacity of such affected elements, with respect to all dead 
and live loads, is less than 75 percent of that required by the Florida Building Code for 
new buildings of similar structure, purpose and location. 
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Previously conducted base line assessment (WSP report, dated November 4, 2020) 
indicated that vertical elements of lateral force-resisting system (columns) were generally 
in satisfactory condition. Nevertheless, based on the request from the Department of 
Transportation and Public Works (Miami, Florida) and considering that multiple floor 
beams had advanced deterioration and cracking, we have proceeded with the evaluation 
following the procedures and recommendations of the FEBC 2020 as detailed in 
Appendix C. 

Summarizing the FEBC 2020 provisions cited in Appendix C, the evaluation of the 
Structure will be performed in accordance with the following three steps: 

- Step 1. Assessment of the building performance based on the wind and gravity loads 
for new buildings in accordance with the Florida Existing Building Code 2020. 

- Step 2. In case if the assessment from Step 1 above indicates noncompliance with the 
building code requirements for new buildings, then evaluation will be repeated for wind 
loads from the original design.  

- Step 3. Discussion of results, findings, and observations. 
The Structure will be evaluated for three different scenarios: 

- Scenario 1 – Full occupancy (Ground floor, Level 2, and Level 3);  

- Scenario 2 – Partial occupancy (Ground floor and Level 2); and 
- Scenario 3 – Partial occupancy (Ground floor).  

2.1.3 Risk Category 
The Structure is classified as Risk Category II in accordance with ASCE 7-16. 

2.1.4 Loads and Load Combinations 
 Gravity Loads 
Self-weight of structural components is calculated based on the geometry and material 
properties in analysis/design software. Superimposed Dead Loads (SDL) and Live Loads 
(LL) are based on the existing structural drawings and summarized in Table 3. 

Table 3 - Superimposed Dead and Live Loads 

Level Occupancy SDL LL Comments 

Level 3 (Roof) Parking - 40* Reference: S-3 (07-10-2000) 

Level 2 Parking - 40* Reference: SE-1A-1 (04-16-1984) 

Level 1 (Ground Floor) 
Parking - 40* Reference: SE-1A-1 (04-16-1984) 

Mechanical - 100 Reference: SE-1A-1 (04-16-1984) 
Note: * LL=40 psf for parking garages in accordance with the current building code requirements (original drawings indicate parking 
LL = 50 psf). 
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 Wind 
Two sets of loads are considered for the evaluation: 

- Current code wind loads (FBC 2020) 
- Basic wind speed 

o 175 mph (ultimate level wind, 700-year return period (YRP) 
o 112 mph (service level wind, 25 YRP) 

- Exposure: C 
- Original design wind loads (original design drawings) 

o Basic wind speed (fastest mile): 120 mph 
Conversion of the original design wind speed from the fastest mile service wind (ASCE 7-
93 and prior editions) to ASCE 7-16 design wind speed at ultimate wind speed is based on 
Table C26.5-7 of ASCE 7-16 as shown in Table 4. The converted value is practically equal 
to the current code wind speed (172.6 mph versus 175 mph). 

Table 4 - Wind Speed Conversion (Original Design Code and Current Design Code) 

 
 
 Seismic 
Seismic loads from ASCE 7-16 (ASCE 7 Online Hazard Tool) are presented in Figure 4 – 
Seismic Design Category – A (no seismic load consideration in design verification in 
accordance with ASCE 7-16). 
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Figure 4 - Seismic Load (ASCE 7-16, ASCE 7 Online Hazard Tool) 

 Design Combinations 
Ultimate limit state analysis and design combinations (LRFD, ASCE 7-16): 

- 1.4D 

- 1.2D + 1.6L 
- 1.2D + 1.6Lr + (L or 0.5W) 

- 1.2D + 1.0W + L + 0.5Lr 
- 0.9D + 1.0W 

2.1.5 Global Performance 
- Building Deformations: Wind deformations: Interstory Drift Index ≤ 1/400 (Service, 

25 YRP). 

- P-Delta Effect: Ratio of overturning moments with and without second order effects 
£ 1.4. 

2.1.6 Materials 
Materials used in the Structure as indicated in the original set of structural drawings are 
summarized in Table 5. 
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Table 5 - Materials 

Structural Components Materials 

Floors 

Cast-in-place concrete deck 
- Concrete: f'c = 4 ksi 
- Reinforcement: ASTM A615 Gr. 60 

Precast prestressed joists: 
- Concrete: f'c = 6 ksi 

- PT strands ASTM A416 

Beams 

Composite beams (precast + cast-in-place) 

Concrete: 
- Precast: f'c = 6 ksi 

- Cast-in-place: f'c = 4 ksi 
Reinforcement: 

- ASTM A615 Grade 60 (fy = 60 ksi) 
- ASTM A416 

Columns 
Cast-in-place concrete columns: 

- Concrete: f'c = 5 ksi, 6 ksi  
- ASTM A615 Grade 60 (fy = 60 ksi) 

Foundation 

Pile caps 
- Concrete: f'c = 3 ksi 
- Reinforcement: ASTM A615 Grade 60 (fy = 60 ksi) 

Piles (auger grout injected piles): 
- Grout: f'c = 4 ksi 

- Reinforcement: ASTM A615 Grade 60 (fy = 60 ksi) 

 

2.2 STRUCTURAL SYSTEM DESCRIPTION 
The Structure is a concrete structure comprised of precast and cast-in-place components. 
Gravity Force-Resisting System is represented by two-component floor system (cast-in-
place concrete deck on precast, prestressed joists) supported on composite beams (precast, 
prestressed soffit element + cast-in-place concrete) as shown in Figure 5. Floor framing is 
supported by cast-in-place concrete columns. Foundation system uses pile caps and piles.  
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Figure 5 - Floor Framing System (Prestressed joist system) 

This system represents one of the typical solutions for parking garages. Based on the 
information from technical publications and system description, precast, prestressed floor 
joists serve as tensile components and the cast-in-place floor slab serves as the compressive 
component. The joists are supported by a soffit beam that is designed as a shored composite 
member. Longitudinal reinforcement is tied to shear reinforcement, which protrudes from 
the joists and soffit beams to provide continuity. 

The structure has overall dimensions of approximately 340 by 305 feet and separated by 
E-W and N-S expansion joints as shown in Figure 6. E-W expansion joints allow 
movement of the North and South buildings along and across the joints. N-S expansion 
joints allow movement across the joints but restrict relative movements along the joints.  

Typical building elevations, sections, foundation plans, floor framing plans, soffit beam 
schedule, and column schedule are provided in Appendix B. This information is based on 
the original set of construction documents from 1985. It is important to note that two bays 
south from Grid Line C were demolished to allow construction of an office tower 
(modification drawings from 2001) and the Structure in its current condition is bounded 
within Grid Lines C to H and 1 to 18. 
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Figure 6 - General View of Structural System 

Based on the available information from record drawings (structural plans, sections, 
details) and description of this type of structural system in engineering publications from 
the time of construction, we can categorize structural components as part of gravity and/or 
lateral force-resisting systems (GFRS and LFRS) as presented in Table 6. 

Table 6 - Gravity and Lateral Force-Resisting Structural Elements 

Structural Component GFRS LFRS Comments 

Floor system  

(cast-in-place deck and precast 
PT joists) 

V V 
Slab consideration in LFRS is for diaphragm 
action only, no moment frame action is 
considered 

Composite beams 

(precast PT + cast-in-place) 
V V 

Beams and columns represent primary 
component of LFRS 

Columns 

(cast-in-place) 
V V 

Foundation 

(cast-in-place) 
V V 

 

 

N-S EXPANSION 
JOINTS 

E-W EXPANSION 
JOINTS 
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2.3 ANALYSIS AND GLOBAL PERFORMANCE 

2.3.1 Analysis Model 
Analysis and evaluation of the Structure was performed in ETABS Version 18. Two 
separate models were used for the evaluation of the South and North buildings as they are 
separated by E-W expansion joint (see Figure 6). N-S expansion joints are included in 
analysis models of the South and North buildings (allowing movement across the joint and 
coupling movement along the joint). General views of the South and North buildings 
analysis models are presented in Figures 7 and 8. Finite element description of structural 
components in the global FEM is summarized in Table 7. 

 
Figure 7 - General View of Global Finite Element Model (South building) 

 



 

Metrorail MLK Parking Garage Structure Analysis  WSP, 188724-48 
Miami-Dade County Department of Transportation & Public Works  March 2022 
Miami, Florida  Page 14 

 
Figure 8 - General View of Global Finite Element Model (North building) 

 
Table 7 - Finite Element Description of Structural Components in FEM 

Structural component FEM description 

Floor slabs Shell (membrane formulation) 

Floor beams Frame element 

Columns Frame element 

Two variations of models were used for evaluation of the building performance: 

- Ultimate level model (strength and stability evaluation); 

- Service level model (serviceability evaluation). 
Stiffness modifiers that were used in the ultimate and service level models are summarized 
in Table 8. 

Table 8 - Stiffness Modifiers for Ultimate and Service Level Models (ACI 318-14) 

Structural Component Ultimate Model Service Model 

Beams Ieff = 0.35Ig Ieff = 0.5Ig 

Columns Ieff = 0.7Ig Ieff = 1.0Ig 
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2.3.2 Dynamic Properties 
Dynamic properties of the building were evaluated for ultimate and service level models. 
First three mode shapes with corresponding periods of vibration are presented in Figures 9 
to 14.  

 
 

 
Figure 9 - 1st Mode Shape – South Building (T1.ULT = 2.0 sec, T1.SERV = 1.4 sec) 

 

 
 

Figure 10 - 2nd Mode Shape – South Building (T2.ULT = 1.0 sec, T2.SERV = 0.7 sec) 
 

 

 

3D View Top View 

3D View Top View 



 

Metrorail MLK Parking Garage Structure Analysis  WSP, 188724-48 
Miami-Dade County Department of Transportation & Public Works  March 2022 
Miami, Florida  Page 16 

 
 

 
Figure 11 - 3rd Mode Shape – South Building (T3.ULT = 0.9 sec, T3.SERV = 0.6 sec) 

 

 
 

Figure 12 - 1st Mode Shape – North Building (T1.ULT = 1.2 sec, T1.SERV = 0.9 sec) 
 

 

 

3D View Top View 

3D View Top View 
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Figure 13 - 2nd Mode Shape – North Building (T2.ULT = 0.9 sec, T2.SERV = 0.7 sec) 
 

 

 
 

Figure 14 - 3rd Mode Shape – North Building (T3.ULT = 0.8 sec, T3.SERV = 0.6 sec) 
 

Long natural periods of vibration are indicative of overall softer structural system in 
comparison with expectations for new structures that are designed in accordance with the 
modern generation of building codes. Periods of vibration for the South building are 
significantly longer in comparison with the North building (2.0 versus 1.2 seconds), which 
could be indicative of a consequence of partial demolition of the South building in early 
2000 and removal of ramps. This added flexibility of the structure can result in a higher 
lateral demand due to increased P-Delta effects. 

3D View Top View 

3D View Top View 
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 Building Deformations 
Global building deformations were assessed for service level wind loads (25 YRP). Results 
of the assessment are presented in Figures 15 and 16 for the South and North buildings, 
respectively. 

Deformation of the South and North buildings under service level wind loads 
(serviceability consideration) are in compliance with typical limitations adopted in the 
industry for new buildings of similar type.

 
Figure 15 - South Garage Wind Deformations 

– Drift Index 

 
Figure 16 - North Garage Wind Deformations 

– Drift Index

 P-Delta Effects 
Global P-Delta effects were evaluated for both the South and North buildings at global 
(overturning demand) and component levels (flexural moments in columns) under ultimate 
loading condition. Overturning and flexural moments were calculated and compared in 
finite element model with and without consideration of P-Delta effects. Limitation on 
P-Delta moment magnification was taken as 1.4 in accordance with ACI 318-14. Summary 
of moment magnification due to P-Delta effects is presented in Tables 9 through 11. 

Table 9 - Global P-Delta Effect Evaluation 

Load 
P-Delta Magnification 

Mx My Limit Status 

Wind (South Garage) 1.28 1.08 1.4 OK 
Wind (North Garage) 1.11 1.05 1.4 OK 
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Table 10 - P-Delta Effect Evaluation for Perimeter Columns (South Garage) 
Column Location P-Delta Magnification Column Location P-Delta Magnification 
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2 1 E 1.28 1.4 OK 2 12 C 1.26 1.4 OK 

2 2 E 1.21 1.4 OK 2 13 C 1.26 1.4 OK 

2 4 E 1.29 1.4 OK 2 14 C 1.25 1.4 OK 

2 5 E 1.33 1.4 OK 2 15 C 1.25 1.4 OK 

2 6 E 1.32 1.4 OK 2 17 C 1.22 1.4 OK 

2 7 E 1.32 1.4 OK 3 2 C 1.29 1.4 OK 

2 8 E 1.33 1.4 OK 3 4 C 1.3 1.4 OK 

2 9 E 1.32 1.4 OK 3 5 C 1.3 1.4 OK 

2 10 E 1.32 1.4 OK 3 6 C 1.3 1.4 OK 

2 11 E 1.3 1.4 OK 3 7 C 1.3 1.4 OK 

2 12 E 1.27 1.4 OK 3 8 C 1.29 1.4 OK 

2 13 E 1.27 1.4 OK 3 9 C 1.3 1.4 OK 

2 14 E 1.27 1.4 OK 3 10 C 1.29 1.4 OK 

2 15 E 1.28 1.4 OK 3 11 C 1.3 1.4 OK 

2 17 E 1.28 1.4 OK 3 12 C 1.3 1.4 OK 

2 18 E 1.2 1.4 OK 3 13 C 1.3 1.4 OK 

3 1 E 1.27 1.4 OK 3 14 C 1.3 1.4 OK 

3 2 E 1.32 1.4 OK 3 15 C 1.3 1.4 OK 

3 4 E 1.22 1.4 OK 3 17 C 1.3 1.4 OK 

3 5 E 1.31 1.4 OK 2 1 C1 1.21 1.4 OK 

3 6 E 1.29 1.4 OK 2 1 C2 1.27 1.4 OK 

3 7 E 1.3 1.4 OK 2 1 D 1.21 1.4 OK 

3 8 E 1.31 1.4 OK 2 1 D1 1.22 1.4 OK 

3 9 E 1.3 1.4 OK 2 1 D2 1.21 1.4 OK 

3 10 E 1.31 1.4 OK 3 1 C1 1.29 1.4 OK 

3 11 E 1.31 1.4 OK 3 1 D 1.28 1.4 OK 

3 12 E 1.3 1.4 OK 3 1 D1 1.28 1.4 OK 

3 13 E 1.29 1.4 OK 3 1 D2 1.28 1.4 OK 

3 14 E 1.31 1.4 OK 2 2 C1 1.26 1.4 OK 

3 15 E 1.22 1.4 OK 3 2 C1 1.29 1.4 OK 

3 17 E 1.18 1.4 OK 2 17 C1 1.24 1.4 OK 

3 18 E 1.29 1.4 OK 3 17 C1 1.29 1.4 OK 

2 2 C 1.22 1.4 OK 2 18 C1 1.21 1.4 OK 

2 4 C 1.24 1.4 OK 2 18 C2 1.27 1.4 OK 
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Table 10 (continued) - P-Delta Effect Evaluation for Perimeter Columns (South Garage) 
Column Location P-Delta Magnification Column Location P-Delta Magnification 
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2 5 C 1.28 1.4 OK 2 18 D 1.21 1.4 OK 

2 6 C 1.3 1.4 OK 2 18 D1 1.27 1.4 OK 

2 7 C 1.27 1.4 OK 2 18 D2 1.21 1.4 OK 

2 8 C 1.29 1.4 OK 3 18 C1 1.29 1.4 OK 

2 9 C 1.23 1.4 OK 3 18 D 1.29 1.4 OK 

2 10 C 1.31 1.4 OK 3 18 D2 1.29 1.4 OK 

2 11 C 1.3 1.4 OK             

 
Table 11 - P-Delta Effect Evaluation for Perimeter Columns (North Garage) 

Column Location P-Delta Magnification Column Location P-Delta Magnification 

Le
ve

l 

G
rid

-X
 

G
rid

-Y
 

M
ag

ni
fie

r 

Li
m

it 

St
at

us
 

Le
ve

l 

G
rid

-X
 

G
rid

-Y
 

M
ag

ni
fie

r 

Li
m

it 

St
at

us
 

2 1 F 1.09 1.4 OK 3 2 H 1.1 1.4 OK 

2 2 F 1.08 1.4 OK 3 3 H 1.11 1.4 OK 

2 4 F 1.06 1.4 OK 3 4 H 1.11 1.4 OK 

2 5 F 1.06 1.4 OK 3 5 H 1.11 1.4 OK 

2 6 F 1.06 1.4 OK 3 6 H 1.11 1.4 OK 

2 7 F 1.06 1.4 OK 3 7 H 1.11 1.4 OK 

2 8 F 1.06 1.4 OK 3 8 H 1.11 1.4 OK 

2 9 F 1.06 1.4 OK 3 9 H 1.1 1.4 OK 

2 10 F 1.11 1.4 OK 3 10 H 1.11 1.4 OK 

2 11 F 1.11 1.4 OK 3 11 H 1.1 1.4 OK 

2 12 F 1.11 1.4 OK 3 12 H 1.11 1.4 OK 

2 13 F 1.11 1.4 OK 3 13 H 1.11 1.4 OK 

2 14 F 1.11 1.4 OK 3 14 H 1.11 1.4 OK 

2 15 F 1.11 1.4 OK 3 15 H 1.11 1.4 OK 

2 17 F 1.1 1.4 OK 3 16 H 1.1 1.4 OK 

2 18 F 1.08 1.4 OK 3 17 H 1.09 1.4 OK 

3 1 F 1.08 1.4 OK 2 1 F1 1.08 1.4 OK 

3 2 F 1.11 1.4 OK 2 1 F2 1.08 1.4 OK 

3 4 F 1.11 1.4 OK 2 1 G 1.08 1.4 OK 

3 5 F 1.11 1.4 OK 2 1 G1 1.08 1.4 OK 

3 6 F 1.11 1.4 OK 2 1 G2 1.08 1.4 OK 
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Table 11 (continued) - P-Delta Effect Evaluation for Perimeter Columns (North Garage) 
Column Location P-Delta Magnification Column Location P-Delta Magnification 

Le
ve

l 

G
rid

-X
 

G
rid

-Y
 

M
ag

ni
fie

r 

Li
m

it 

St
at

us
 

Le
ve

l 

G
rid

-X
 

G
rid

-Y
 

M
ag

ni
fie

r 

Li
m

it 

St
at

us
 

3 7 F 1.11 1.4 OK 3 1 F1 1.09 1.4 OK 

3 8 F 1.11 1.4 OK 3 1 F2 1.1 1.4 OK 

3 9 F 1.09 1.4 OK 3 1 G 1.1 1.4 OK 

3 10 F 1.05 1.4 OK 3 1 G2 1.1 1.4 OK 

3 11 F 1.05 1.4 OK 2 2 E1 1.09 1.4 OK 

3 12 F 1.05 1.4 OK 2 2 E2 1.09 1.4 OK 

3 13 F 1.05 1.4 OK 2 2 F1 1.09 1.4 OK 

3 14 F 1.04 1.4 OK 2 2 G2 1.08 1.4 OK 

3 15 F 1.11 1.4 OK 3 2 G2 1.1 1.4 OK 

3 17 F 1.09 1.4 OK 2 4 E1 1.08 1.4 OK 

3 18 F 1.09 1.4 OK 2 4 E2 1.09 1.4 OK 

2 2 H 1.08 1.4 OK 3 4 E1 1.1 1.4 OK 

2 3 H 1.05 1.4 OK 3 4 E2 1.11 1.4 OK 

2 4 H 1.05 1.4 OK 2 15 E1 1.1 1.4 OK 

2 5 H 1.05 1.4 OK 2 15 E2 1.11 1.4 OK 

2 6 H 1.05 1.4 OK 3 15 E1 1.08 1.4 OK 

2 7 H 1.06 1.4 OK 3 15 E2 1.11 1.4 OK 

2 8 H 1.06 1.4 OK 2 17 G2 1.1 1.4 OK 

2 9 H 1.11 1.4 OK 3 17 G2 1.09 1.4 OK 

2 10 H 1.1 1.4 OK 2 18 F1 1.09 1.4 OK 

2 11 H 1.1 1.4 OK 2 18 F2 1.09 1.4 OK 

2 12 H 1.1 1.4 OK 2 18 G 1.09 1.4 OK 

2 13 H 1.1 1.4 OK 2 18 G1 1.09 1.4 OK 

2 14 H 1.1 1.4 OK 2 18 G2 1.1 1.4 OK 

2 15 H 1.1 1.4 OK 3 18 F1 1.09 1.4 OK 

2 16 H 1.11 1.4 OK 3 18 G 1.09 1.4 OK 

2 17 H 1.1 1.4 OK 3 18 G2 1.09 1.4 OK 

 
Global P-Delta effects are within acceptable limits for both the South and North buildings. 
However, both global and component levels, P-Delta effects are significantly higher for 
the South building (magnification factor of 1.21 to 1.33) in comparison to the North 
building (magnification factor of 1.06 to 1.11). High level of moment magnification for the 
South building can be attributed to its lower global stiffness, which can be due to the partial 
demolition of the structure and removal of ramps (ramps typically provide noticeable 
lateral stiffness to the structural system). High level of moment magnification at component 
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level results in proportionally higher lateral demand (1.21 to 1.31 times higher) and when 
combined with gravity loads it increases total demand in the range of 1.07 to 1.2 times. 

2.4 COMPONENT PERFORMANCE 
Component performance evaluation was based on the analysis results from the global finite 
element analysis models of the South and North buildings. The evaluation was conducted 
for three different scenarios: 

 
 

 
 

 
 

Component performance evaluation was focused on the primary elements of gravity and 
lateral force-resisting systems with observed deficiencies and deteriorated condition 
(composite floor framing beams with precast prestressed soffit panels and cast-in-place 
body, cast-in-place columns). 

2.4.1 Beams 
Design verification for beams was conducted for the following structural actions: 

- Flexure (positive moment – bottom beam fibers in tension) 
- Flexure (negative moment – top beam fibers in tension) 

- Shear 
The verification was conducted based on the following comparisons: 

- Comparison of the calculated demand versus demand, which was reported in the 
original construction drawings (Demand to Demand Ratio – DDR, where original 
demand is available) 

- Comparison of the calculated demand versus capacity (Demand to Capacity Ratio – 
DCR) 

Beam flexural and shear capacities were calculated based on the reinforcement information 
from the original drawings (top rebars) and field scanning and measurements (bottom PT 
tendons, shear reinforcement). Field verified reinforcement was available for 
representative members in different geometric groups (span, location) and was extrapolated 
within those groups to other members where there is no information in the original 
drawings. 

Scenario 1: Full Occupancy 
(Ground floor, Level 2, and Level 3) 

Scenario 2: Partial Occupancy 
(Ground floor and Level 2) 

Scenario 3: Partial Occupancy 
(Ground floor) 
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 South Building 
Observed overstressed conditions in the South building are related to positive/negative 
flexural demands (M+/M-) and shear demands (V): 

- M+: positive moment overstress condition was observed for full (GF, L2, L3) and 
partial (GF, L2) occupancies. Some degree of moment redistribution could be 
considered to reduce/eliminate overstress condition where additional reserve capacity 
is available for negative moments within the same beams. Partial occupancy (GF only) 
does not show overstress condition. 

- M-: negative moment overstress condition was observed for all 3 scenarios of 
occupancies (full and partial). Redistribution of moments is limited due to two major 
considerations: 
o Overstressed condition was observed in cantilevers (no opportunity to redistribute 

excessive moments to the span) 
o Redistribution of negative moments to the span will result in reduction of lateral 

capacity of the structure as it would require some degree of inelasticity in the 
negative moment regions 

- V: shear overstress condition was observed for all 3 scenarios of occupancies (full and 
partial). 

Table 12 - Evaluation Summary for Beams – South Building 

Building Scenario Structural Action Reference 
Diagram Demand/Capacity (DCR) Status 

South 

1 

Flexure (M+) 3.4.1.1 DCR range: 0 - 1.2 
DCR >1: 7% of beams NG 

Flexure (M-) 3.4.1.2 DCR range: 0.2 - 2.1 
DCR >1: 31% of beams NG 

Shear 3.4.1.3 DCR range: 0.35 - 2.0 
DCR >1: 18% of beams NG 

2 

Flexure (M+) 3.4.1.4 DCR range: 0 - 1.2 
DCR >1: 3% of beams NG 

Flexure (M-) 3.4.1.5 DCR range: 0.2 - 2.0 
DCR >1: 25% of beams NG 

Shear 3.4.1.6 DCR range: 0.3 - 2.0 
DCR >1: 12% of beams NG 

3 

Flexure (M+) 3.4.1.7 DCR range: 0 – 0.9 
DCR >1: 0% of beams OK 

Flexure (M-) 3.4.1.8 DCR range: 0.2 – 1.9 
DCR >1: 21% of beams NG 

Shear 3.4.1.9 DCR range: 0.3 - 1.5 
DCR >1: 8% of beams NG 
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 North Building 
Observed overstressed conditions in the North building are related to positive/negative 
flexural demands (M+/M-) and shear demands (V): 

- M+: positive moment overstress condition was observed for all 3 scenarios of 
occupancy (full and partial). Some degree of moment redistribution could be 
considered to reduce/eliminate overstress condition where additional reserve capacity 
is available for negative moments within the same beams. There are several instances 
where beams are simply supported and redistribution of the moments is not possible. 

- M-: negative moment overstress condition was observed for all 3 scenarios of 
occupancies (full and partial). Redistribution of moments is limited due to two major 
considerations: 
o Overstressed condition was observed in cantilevers (no opportunity to redistribute 

excessive moments to the span) 
o Redistribution of negative moments to the span will result in reduction of lateral 

capacity of the structure as it would require some degree of inelasticity in the 
negative moment regions 

- V: shear overstress condition was observed for all 3 scenarios of occupancies (full and 
partial). 

Table 13 - Evaluation Summary for Beams – North Building 

Building Scenario Structural Action Reference 
Diagram Demand/Capacity (DCR) Status 

North 

1 

Flexure (M+) 3.4.1.10 DCR range: 0 - 1.5 
DCR >1: 5% of beams NG 

Flexure (M-) 3.4.1.11 DCR range: 0 - 1.4 
DCR >1: 22% of beams NG 

Shear 3.4.1.12 DCR range: 0.3 - 1.8 
DCR >1: 10% of beams NG 

2 

Flexure (M+) 3.4.1.13 DCR range: 0 - 1.5 
DCR >1: 2% of beams NG 

Flexure (M-) 3.4.1.14 DCR range: 0 - 1.4 
DCR >1: 15% of beams NG 

Shear 3.4.1.15 DCR range: 0.3 - 1.8 
DCR >1: 7% of beams NG 

3 

Flexure (M+) 3.4.1.16 DCR range: 0 - 1.5 
DCR >1: 1% of beams NG 

Flexure (M-) 3.4.1.17 DCR range: 0 - 1.1 
DCR >1: 6% of beams NG 

Shear 3.4.1.18 DCR range: 0.3 - 1.37 
DCR >1: 6% of beams NG 

Additional observations within the evaluation: 

- Demand to Demand comparison (calculated versus original drawings) showed good 
correlation when floor joists were not modeled, and slabs transferred loads to 
supporting beams as uniformly distributed. However, inclusion of the joists 
significantly changed the load distribution between different bays. With joist system 
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load transfer from slabs to beams occurs as concentrated loads. In short bays, we 
observed conditions with two or three joists, which results in possible variation of loads 
at approximately 50 percent. This specific aspect could be one of the potential reasons 
for certain overstress conditions; 

- Demolition of two bays of parking structure in the South building reduced number of 
moment frames resisting lateral loads while building exposure remained essentially the 
same in the N-S direction. This condition results in higher lateral demand on the 
remaining structural components.  

- In addition to the reduced number of moment frame resisting lateral loads, demolition 
resulted in softening of the Structure as ramps were removed. As it was shown in the 
global analysis evaluation section of this report, P-Delta effects noticeably magnify 
flexural moments in the South building versus the North building. 
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Scenario 1: Full Occupancy (Ground Floor (GF), Level 2, and Level 3 Occupied) 
South Building 

 
Figure 17 – Beam Positive Moment – South Building (Full Occupancy) 

 

 
Figure 18 – Beam Negative Moment – South Building (Full Occupancy) 

 

 
Figure 19 – Beam Shear – South Building (Full Occupancy) 
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Scenario 2: Partial Occupancy (Ground Floor (GF) and Level 2 Occupied) 
South Building 

 
Figure 20 – Beam Positive Moment – South Building (GF & L2 Occupied) 

 

 
Figure 21 – Beam Negative Moment – South Building (GF & L2 Occupied) 

 

 
Figure 22 – Beam Shear – South Building (GF & L2 Occupied) 
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Scenario 3: Partial Occupancy (Ground Floor (GF) only Occupied) 
South Building 

 
Figure 23 – Beam Positive Moment – South Building (GF only Occupied) 

 

 
Figure 24 – Beam Negative Moment – South Building (GF only Occupied) 

 

 
Figure 25 – Beam Shear – South Building (GF only Occupied) 
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Scenario 1: Full Occupancy (Ground Floor (GF), Level 2, and Level 3 Occupied) 
North Building 

 
Figure 26 – Beam Positive Moment – North Building (Full Occupancy) 

 

 
Figure 27 – Beam Negative Moment – North Building (Full Occupancy) 

 

 
Figure 28 – Beam Shear – North Building (Full Occupancy) 
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Scenario 2: Partial Occupancy (Ground Floor (GF) and Level 2 Occupied) 
North Building 

 
Figure 29 – Beam Positive Moment – North Building (GF & L2 Occupied) 

 

 
Figure 30 – Beam Negative Moment – North Building (GF & L2 Occupied) 

 

 
Figure 31 – Beam Shear – North Building (GF & L2 Occupied) 

 
  



 

Metrorail MLK Parking Garage Structure Analysis  WSP, 188724-48 
Miami-Dade County Department of Transportation & Public Works  March 2022 
Miami, Florida  Page 31 

Scenario 3: Partial Occupancy (Ground Floor (GF) only Occupied) 
North Building 

 
Figure 32 - Beam Positive Moment – North Building (GF only Occupied) 

 

 
Figure 33 - Beam Negative Moment – North Building (GF only Occupied) 

 

 
Figure 34 - Beam Shear – North Building (GF only Occupied) 
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2.4.2 Columns 
Design verification for columns was performed for the following structural actions: 

- Axial strength design verification 
- Shear strength design verification 

- Combined axial + flexural action design verification 
The verification was conducted based on the comparison of the calculated demand versus 
capacity (Demand to Capacity Ratio – DCR). 

Column axial, flexural and shear capacities were calculated based on the reinforcement 
information from the original drawings. Field scanning and measurement data 
(longitudinal and transverse reinforcements) were used to verify the information in the 
original drawing for the selected representative columns. 

Summary of the column design verification is presented in Table 14 and Figures 35 to 50. 

 South Building 
Observed overstressed conditions in the South building are related to shear (V) and 
combined axial + flexural demands (P-M-M): 

- V: shear overstress condition was observed for all three scenarios and primarily 
attributed to gravity load combinations. It is important to note that there is a number of 
columns with DCR values between 0.5 and 1.0 that do not meet the detailing 
requirements/provisions of ACI 318-14. Where shear demand exceeds 50 percent of 
concrete section capacity, minimum shear reinforcement with spacing limitation of s ≤ 
d/2 needs to be provided. Current tie spacing for the columns typically exceeds the code 
limit (existing tie spacing s > d versus code required spacing s ≤ d/2). Properly sized 
and spaced shear reinforcement restrains the growth of inclined cracking so that 
ductility of the member is improved and a warning of failure is provided. In an 
unreinforced member (or member with excessive tie spacing), the formation of the 
inclined cracking might lead directly to failure without warning. Such reinforcement is 
of great value if a member is subjected to an unexpected overload. 

- P-M-M: Three columns indicated marginal overstress of 4 to 5 percent primarily 
attributed to high flexural demand from load combinations with wind. As it was 
previously discussed in this report, there are two conditions that potentially resulted in 
the increased lateral demand on lateral force-resisting system of the South building: 
demolition of two bays, including ramps that resulted in overall weakening of the 
system and increased P-Delta effects.  

 North Building 
Observed overstressed conditions in the North building are related to shear demand (V): 

- V: shear overstress condition was observed for all three scenarios and primarily 
attributed to gravity load combinations. Similar to the South building, there is a number 
of columns with DCR values between 0.5 and 1.0 that do not meet the detailing 
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requirements/provisions of ACI 318-14 (see the South building column verification 
comments). 

Table 14 - Evaluation Summary for Columns 

Building Scenario Structural Action Reference 
Diagram Demand/Capacity (DCR) Status 

South 

1 

Axial 3.4.2.1 DCR range: 0.03 - 0.46 
DCR >1: 0% of columns OK 

Shear 3.4.2.2 DCR range: 0.06 - 1.9 
DCR >1: 15% of columns NG 

P-Mx-My 3.4.2.3 DCR range: 0.1 - 1.05 
DCR >1: 3% of columns NG 

2 

Axial 3.4.2.4 DCR range: 0.03 - 0.39 
DCR >1: 0% of columns OK 

Shear 3.4.2.5 DCR range: 0.07 - 1.6 
DCR >1: 9% of columns NG 

P-Mx-My 3.4.2.6 DCR range: 0.1 - 1.04 
DCR >1: 3% of columns NG 

3 

Axial 3.4.2.7 DCR range: 0.03 - 0.37 
DCR >1: 0% of columns OK 

Shear 3.4.2.8 DCR range: 0.07 - 1.48 
DCR >1: 9% of columns NG 

P-Mx-My 3.4.2.9 DCR range: 0.1 - 1.04 
DCR >1: 3% of columns NG 

North 

1 

Axial 3.4.2.10 DCR range: 0.03 - 0.43 
DCR >1: 0% of columns OK 

Shear 3.4.2.11 DCR range: 0.04 - 2.2 
DCR >1: 7% of columns NG 

P-Mx-My 3.4.2.12 DCR range: 0.1 - 0.95 
DCR >1: 0% of columns OK 

2 

Axial 3.4.2.13 DCR range: 0.03 - 0.35 
DCR >1: 0% of columns OK 

Shear 3.4.2.14 DCR range: 0.04 - 1.6 
DCR >1: 7% of columns NG 

P-Mx-My - DCR range: 0.1 - 0.94 
DCR >1: 0% of columns OK 

3 

Axial 3.4.2.15 DCR range: 0.03 - 0.32 
DCR >1: 0% of columns OK 

Shear 3.4.2.16 DCR range: 0.04 - 1.6 
DCR >1: 7% of columns NG 

P-Mx-My - DCR range: 0.1 - 0.94 
DCR >1: 0% of columns OK 
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Scenario 1: Full Occupancy (Ground Floor (GF), Level 2, and Level 3 Occupied) 
South Building 

 

 

Figure 35 – Column Axial – South Building (Full Occupancy) 

 

Figure 36 – Column Shear – South Building (Full Occupancy) 
 

 
Figure 37 – Column Combined Axial + Flexure – South Building (Full Occupancy) 
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Scenario 2: Partial Occupancy (Ground Floor (GF) and Level 2 Occupied) 
South Building 

 

Figure 38 - Column Axial – South Building (GF & L2 Occupied) 

 

Figure 39 - Column Shear – South Building (GF & L2 Occupied) 
 

 
Figure 40 - Column Combined Axial + Flexure – South Garage (GF & L2 Occupied) 

  



 

Metrorail MLK Parking Garage Structure Analysis  WSP, 188724-48 
Miami-Dade County Department of Transportation & Public Works  March 2022 
Miami, Florida  Page 36 

Scenario 3: Partial Occupancy (Ground Floor (GF) only Occupied) 
South Building 

 

Figure 41 - Column Axial – South Building (GF only Occupied) 

 

Figure 42 - Column Shear – South Building (GF only Occupied) 
 

 
Figure 43 - Column Combined Axial + Flexure – South Garage (GF only Occupied) 
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Scenario 1: Full Occupancy (Ground Floor (GF), Level 2, and Level 3 Occupied) 
North Building 

 

 
Figure 44 - Column Axial – North Building (Full Occupancy) 

 
Figure 45 - Column Shear – North Building (Full Occupancy) 

 

 
Figure 46 - Column Combined Axial + Flexure – North Garage (Full Occupancy) 
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Scenario 2: Partial Occupancy (Ground Floor (GF) and Level 2 Occupied) 
North Building 

 
Figure 47 – Column Axial – North Building (GF & L2 Occupied) 

 
Figure 48 – Column Shear – North Building (GF & L2 Occupied) 

 
Scenario 3: Partial Occupancy (Ground Floor (GF) only Occupied) 

North Building 

 
Figure 49 - Column Axial – North Building (GF only Occupied) 

 
Figure 50 - Column Shear – North Building (GF only Occupied) 
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[BS] 406.2.2 Substantial Structural Damage to Vertical Elements of the Lateral Force-Resisting System 
A building that has sustained substantial structural damage to the vertical elements of its lateral force-resisting 
system shall be evaluated in accordance with Section 406.2.2.1, and either repaired in accordance with Section 
406.2.2.2 or repaired and rehabilitated in accordance with Section 406.2.2.3, depending on the results of the 
evaluation. 
Exceptions: 
1. Buildings assigned to Seismic Design Category A, B, or C whose substantial structural damage was not 
caused by earthquake need not be evaluated or rehabilitated for load combinations that include earthquake effects. 
2. One- and two-family dwellings need not be evaluated or rehabilitated for load combinations that include 
earthquake effects. 
[BS] 406.2.2.1 Evaluation 
The building shall be evaluated by a registered design professional, and the evaluation findings shall be submitted 
to the code official. The evaluation shall establish whether the damaged building, if repaired to its predamage 
state, would comply with the provisions of the Florida Building Code, Building for load combinations that include 
wind or earthquake effects, except that the seismic forces shall be the reduced level seismic forces. 
[BS] 406.2.2.2 Extent of Repair for Compliant Buildings 
If the evaluation establishes that the building in its predamage condition complies with the provisions of Section 
406.2.2.1, then the damaged elements shall be permitted to be restored to their predamage condition. 
[BS] 406.2.2.3 Extent of Repair for Noncompliant Buildings 
If the evaluation does not establish that the building in its predamage condition complies with the provisions of 
Section 406.2.2.1, then the building shall be rehabilitated to comply with the provisions of this section. The wind 
loads for the repair and rehabilitation shall be those required by the building code in effect at the time of original 
construction, unless the damage was caused by wind, in which case the wind loads shall be in accordance with 
the Florida Building Code, Building. The seismic forces for this rehabilitation design shall be those required by 
the building code in effect at the time of original construction, but not less than the reduced seismic forces. 
[BS] 406.2.3 Substantial Structural Damage to Gravity Load-Carrying Components 
Gravity load-carrying components that have sustained substantial structural damage shall be rehabilitated to 
comply with the applicable provisions for dead and live loads in the Florida Building Code, Building. Snow loads 
shall be considered if the substantial structural damage was caused by or related to snow load effects. Undamaged 
gravity load-carrying components that receive dead, live or snow loads from rehabilitated components shall also 
be rehabilitated if required to comply with the design loads of the rehabilitation design. 
[BS] 406.2.3.1 Lateral Force-Resisting Elements 
Regardless of the level of damage to gravity elements of the lateral force-resisting system, if substantial structural 
damage to gravity load-carrying components was caused primarily by wind or seismic effects, then the building 
shall be evaluated in accordance with Section 406.2.2.1 and, if noncompliant, rehabilitated in accordance with 
Section 406.2.2.3. 
Exceptions: 
1. Buildings assigned to Seismic Design Category A, B, or C whose substantial structural damage was not 
caused by earthquake need not be evaluated or rehabilitated for load combinations that include earthquake effects. 
2. One- and two-family dwellings need not be evaluated or rehabilitated for load combinations that include 
earthquake effects. 
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APPENDIX D 
 NON-DESTRUCTIVE TESTING IMAGERY 



Beam Area of Concern 1

Beam D:9 to E:9 Shear spacing scan with the Proceq GP8000 at Column E:9. 

Here you can see the shear stirrups spaced at an average spacing of 6 inches.

Beam D:9 to E:9 side scan with the Proceq GP8000 from the bottom of the beam 
going up. In this image, B-Bar is clearly visible just above the precast concrete sec-
tion.



Beam D:9 to E:9 bottom scan with A1040 MIRA for longitudinal reinforcement 1st 
mat of bars (1st floor). This scan is too blurry to determine longitudinal reinforce-

ment in this beam.

Beam D:9 to E:9 Shear spacing scan with the Proceq GP8000 at Midspan. Visible in 

this scan are the shear stirrups with an average spacing of 12 inches.



Beam D1:18 to D:18 Shear scan with the Proceq GP8000 at Column D:18. Shear 

stirrups are visible with an average spacing of 12 inches. (Beams C2:18 through 

D1:18 similar)

Beam D1:18 to D:18 side scan with Proceq GP800 from the bottom of the beam 
going up. Two mats of longitudinal reinforcement are visible as well as a B-Bar. 

(Beams C2:18 through D1:18 similar)

Beam Area of Concern 2



Beam E:4-E:5 Shear scan with the Proceq GP8000 at column E:4. Shear stirrups 

are visible with an average spacing of 5 inches.

Beam E:4 to E:5 side scan with Proceq GP8000 from the top of the beam 
going down. From this scan, you can see the two mats of top bars and the 
B-Bar.

Beam Area of Concern 3



Beam E:15 to E:17 Shear scan with Proceq GP8000 at midspan. Both sets of shear rein-
forcement are visible in this scan. The bottom line is the regular shear reinforcement 

spaced at a 4 inch average and the top line is the secondary shear reinforcement 
spaced at a 12 inch average.

Beam Area of Concern 4

Beam E:15 to E:17 side scan with Proceq GP8000 from the bottom of the beam go-
ing up. Visible in this scan is the single mat of longitudinal reinforcement as well 

as the B-Bar



Beam E:14 to E:15 Shear scan with Proceq GP8000 at column E:15. Shear reinforce-

ment is visible in this scan with an average spacing of 5 inches.

Beam E:14 to E:15 side scan with the Proceq GP8000 from the top of the beam 

going down. Visible in this scan is the B-Bar as well as the singular mat of longi-

tudinal reinforcement.



Beam D:6 to D:7 side scan with Proceq 8000 from the bottom of the beam going 

up. Visible in this image is the single mat of longitudinal reinforcement. (Beams 

D:7 to D:8 similar)

Beam Area of Concern 5

Beam E:15 to E:17 bottom scan with A1040 MIRA for longitudinal reinforcement 

1st mat. Visible in this image are the 10 strands running longitudinally in this 
beam.



Beam D:6 to D:7 Shear scan with Proceq GP8000 at midspan. Shear reinforcement in 

this image shows an average spacing of 5 inches. (Beams D:7 to D:8 similar)

Beam D:6 to D:7 Shear scan with Proceq GP8000 at column D:7. Shear reinforce-

ment is present in this image with an average spacing of 5 inches. (Beams D:7 to 

D:8 similar)



Beam D:17 to D:18 bottom scan with Proceq GP8000 for longitudinal reinforce-

ment. Visible in this scan is the single mat of 4 strands.

Beam D:14 to D:15 bottom scan with Proceq GP8000 for longitudinal reinforcement. 

This scan shows the 4 longitudinal strands in the singular mat for this beam.

Beam Area of Concern 6

Beam Area of Concern 7



Beam D:17 to D:18 Shear scan with Proceq GP8000 at column D:18. Shear reinforce-

ment is visible in this scan with an average spacing of 5 inches.

Beam D:17 to D:18 side scan with Proceq GP8000 from the bottom of the beam 

going up. Visible in this scan is the single mat of longitudinal reinforcement and 
the A-Bar.



Beam C:4 to C:5 side scan with Proceq GP8000 from the top of the beam going down 

at column C:4. Visible in this scan is the single mat of longitudinal reinforcement and 
the A-Bar.

Beam Area of Concern 8

Beam D:17 to D:18 Shear scan with Proceq GP8000 at midspan. Visible in this 

scan is the shear reinforcement spaced at an average of 5 inches.



Beam C:4 to C:5 side scan with Proceq GP8000 from the top of the beam going

down at column C:5. In this scan, there appears to be B-Bars and two mats of 

longitudinal reinforcement.

Beam C:4 to C:5 Shear scan with Proceq GP8000 at column C:4. Shear reinforce-

ment is visible in this scan with an average spacing of 4 inches.



Beam C:4 to C:5 Shear scan with Proceq GP8000 at column C:5. Shear reinforce-

ment is visible in this scan with an average spacing of 4 inches.

Other

Beam E:8 to E:9 bottom scan with Proceq GP8000 for longitudinal reinforcement. 
Visible in this scan is a bottom mat of 2 strands.  (All 16" x 28" 20-foot spans similar)



Beam Area of Concern 1 3rd Floor

Beam D:9 to E:9 side scan with Proceq GP8000 from the bottom of the beam 

to the top 3rd floor. There appears to be 2 mats of longitudinal reinforce-
ment present in this beam.

Beam D:9 to E:9 bottom scan with A1040 MIRA for longitudinal reinforcement 1st 

mat of bars (3rd floor). In this scan, there is 1 mat of 5 strands visible.



Beam D:9 to E:9 Shear scan with Proceq GP8000 at midspan 3rd floor. Visible 

in this scan is shear reinforcement spaced at an average of 12 inches.

Beam Area of Concern 2 3rd Floor

D2:18 to D:18 bottom scan with A1040 MIRA for longitudinal reinforcement 1st 
mat of bars. In this scan, there is the bottom mat of 5 strands clearly visible.



Beam C1:18 to D:18 side scan with Proceq GP8000 from the bottom to the top of 

the beam 3rd floor. Visible in this scan are two mats of longitudinal reinforcement 

as well as B-Bars.

D2:18 to D:18 bottom scan with A1040 MIRA for longitudinal reinforcement 
2nd mat of bars. There appears to be a second mat of 5 strands also visible 

in this scan.



Beam Area of Concern 4 2nd Floor

Beam E:15 to E:17 side scan with Proceq GP8000 from the bottom of the beam to 

the top 3rd floor. Visible in this picture is the one mat of longitudinal reinforcement 
and the B-Bar.

Beam C1:18 to D:18 Shear scan with Proceq GP8000 at column D:18 3rd floor.
Shear reinforcement is visible in this scan with an average spacing of 12 inches.



Beam Area of Concern 5 2nd Floor

Beam D:7 to D:8 bottom scan with Proceq GP8000 for longitudinal reinforcement 

3rd floor. Visible in this scan is one mat of 4 longitudinal strands.

Beam E:15 to E:17 Shear scan with Proceq GP8000 at column E:15 3rd floor. 

Shear reinforcement is visible with an average spacing of 4 inches.



Beam D:7 to D:8 side scan with Proceq GP8000 from the bottom of the beam to 
the top 3rd floor. Visible in this scan is one mat of longitudinal reinforcement 

and B-Bars.

Beam D:7 to D:8 Shear scan with Proceq GP8000 at midspan 3rd floor. Two 

different shear reinforcements are visible in this scan. The normal shear re-
inforcement is present with an average spacing of 5 inches. There is also an 
additional shear reinforcement present with a 12 inch average spacing.



Beam D:17 to D:18 side scan with Proceq GP8000 from the bottom of the beam to 

the top 3rd floor. Visible in this scan is the single mat of longitudinal reinforcement 
as well as the B-Bars.

Beam D:7 to D:8 Shear scan with Proceq GP8000 at midspan 3rd floor. Two differ-
ent shear reinforcements are visible in this scan. The normal shear reinforcement 

is present with an average spacing of 5 inches. There is also an additional shear 
reinforcement present with a 12 inch average spacing.

Beam Area of Concern 7 2nd Floor



Column Type A

Column E1:17 Shear scan with Proceq GP8000 from bottom to top. Visible are 
shear bars with an average spacing of 16 inches. (E2:17 similar)

Column E1:17 Longitudinal scan with Proceq GP8000. Visible are two 

longitudinal bars. (E2:17, D:14, C:14 similar)



Column G:9 Longitudinal scan with Proceq GP8000. Present are three longitudinal 
bars. (H:9 similar)

Column Type B

Column D:14 Shear scan with Proceq GP8000 from bottom to top. Shear reinforce-
ment is present with an average spacing of 14 inches. (C:14 similar)



Column D:2 Longitudinal scan with Proceq GP8000. Present are 4 longitudinal 
bars. (D:4, D:15, D:17 similar)

Column Type C

Column G:9 Shear scan with Proceq GP8000 from bottom to top. Shear reinforce-
ment is present with an average spacing of 12 inches. (H:9 similar)



Column D:15 Shear scan with Proceq GP8000 from bottom to top. Four longitudi-
nal bars are present. (D:17 similar)

Column D:2 Shear scan with Proceq GP8000 from bottom to top. Shear reinforce-
ment are present with an average spacing of 20 inches. (D:4 similar)



2nd Floor Column Type A

Column D:14 Shear scan with GP8000 from bottom to top 2nd Floor. Shear re-

inforcement is present with an average spacing of 18 inches. (C:14 similar)

Column D:14 Longitudinal scan with Proceq GP8000 2nd Floor. Two longitudinal 

bars are present. (C:14 similar)



2nd Floor Column Type B

Column G:9 Shear scan with Proceq GP8000 from bottom to top 2nd Floor. 
Shear reinforcement is present with an average spacing of 18 inches. (H:9 

similar)

Column G:9 Longitudinal scan with Proceq GP8000 2nd Floor. Three longitudinal 

bars are present. (H:9 similar)



2nd Floor Column Type C

Column D:2 Shear scan with Proceq GP8000 from bottom to top 2nd Floor. Shear rein-
forcement is present with an average spacing of 18 inches. (D:4, D:15, D:17 similar)

Column D:2 Longitudinal scan with Proceq GP8000 2nd Floor. Four longitudi-

nal bars are present with an average spacing of 18 inches. (D:4, D:15, D:17 
similar)
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ADJACENT CONSTRUCTION MANUAL 
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1. MANAGEMENT RESPONSIBILITY  
 

The successful implementation of this Quality Assurance Plan (QAP) for this project rests on the level 
of commitment by top management that ensures that the quality elements are understood, implemented, 
maintained, and continually being evaluated and improved to sustain quality throughout all phases of 
the project. The QAP shall include project-specific quality objectives and document how the quality 
requirements for the project will be achieved and implemented. 

 

Contractor input: 

 

STATEMENT OF COMMITMENT to QUALITY: 

(Input quality statement) 

_____________________   (Approved by highest level of management) DATE: __________ 

 

 In this section, identify management’s commitment to quality, and ensure that the commitment is understood, 
implemented, and maintained. Personnel assigned to this project shall be identified in an organizational chart 
format. Those personnel responsible for assuring quality must be independent of those having direct 
responsibility for the work being performed: 

ORGANIZATIONAL CHART 

(Insert the company’s organizational chart) 
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Roles & Responsibilities: Include in this section assigned personnel duties and responsibilities 
within this project that are identified in the organizational chart. 

 

Contractor input: 

 

In this section, document the roles and responsibilities of key personnel (by functional position only) assigned 
to the project: 

 

Example Positions: 

Project Manager:  

 

Quality Assurance Representative: 

 

Inspection Personnel: 
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2. Documented Quality Management System (QMS) 

The Quality Assurance Plan (QAP) applies to all quality activities performed under the contract. 
In order to ensure continued adherence to the standard practices, procedures and policies 
established for the project, periodic reviews, revisions, and redistribution of this QAP shall be 
performed.  

Documentation records testifying to the satisfactory execution of the required activities for the 
project (i.e. construction, inspections, & testing) are readily available and delivered to authorized 
personnel as directed. An integral part of this project is the list of instructions, procedures, 
drawings, specifications, inspection test reports, and quality assurance reports to be prepared, 
submitted, or made available for review or approval, in accordance with contract requirements. 

 

Contractor input: 

 

 In this section, document the method of enusring that all key documents (i.e. quality plans, procedures, 
and instructions) are developed, reviewed and updated. Also, any plan or procedure should include a 
statement of purpose, scope, and should contain any references to  applicable codes, standards, or 
specifications to ensure compliance to contract requirements. 

 

 
  

 
 

 

 

 

 

 

 

 



PROJECT QUALITY ASSURANCE PLAN 

COMPANY NAME:  _____________________________             Revision Date: mm/dd/yyyy                                                            8 

 

 

 

3. Design Control:   (if applicable)  

          Note:  If the design process does not apply, you may put “N/A” in this section. 

The Contractor shall establish and maintain QA/QC procedures to control and verify the design in order to 
ensure that the design criteria, technical and relevant regulatory requirements are in compliance with 
Contract Documents and FTA guidelines for this project. Design control includes associated quality control 
and assurance procedures to demonstrate and ensure that the design requirements are understood, planned, 
verified, executed and that changes are reviewed and approved throughout the design process and project 
completion as applicable. The Final Design establishes criteria for the inspection and testing on items that 
affect safety, reliability, service life, and ADA requirements. 

 

 

Contractor input: 

 

In this section, document the design process, including quality control reviews for assuring design 
integrity is established throughout all phases of development, and what methods will be used to control 
the design within the key elements identified below: 

 

   Note: Key elements of the design process include, but not limited to: 

 

 

• Design Planning: 
• Design Input: 
• Design Output: 
• Design Verification: 
• Design Validation: 
• Design Changes: 
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4. Document Control 

Procedures shall be established and maintained for the control of project documents and data. Quality 
procedures shall describe methods for review and approval of project documents by authorized personnel, 
distribution, storage and retrieval of documents, correction and deletion of documents, and control of 
changes to these documents. These controls are required to be implemented in order to provide project 
participants and organizations with access to the latest version of each document. 

 

 

 

 

         Contractor input: 

 

In this section, identify which documents will be controlled and the process to ensure that they are 
maintained and current throughout the project: 

 

 

 

            Example of Documents: 

▪ Contractors Project Quality Assurance Plan (QAP) 
▪ Contractors Inspection Procedures. 
▪ Contract Documents. 
▪ Drawings 
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5. Purchasing (If applicable) 

Note:  If the purchasing process does not apply, you may put “N/A” in this section 

The purpose of this element is to ensure that purchasing requirements are clearly understood by the 
contractor, consultant, or supplier, and that that proper quality elements are made part of the contract. 

Procedures shall be established and maintained to ensure that purchased services or products conform to 
specified technical requirements. Purchasing requirements apply to all Contractors and Suppliers. 

           Receiving Inspection 

A procedures for on-site inspection, handling and receiving of all materials shall be established and 
included in the Contractor’s QA Plan. The receiving inspection of all materials shall include the 
Contractor’s QA/QC staff at their facility, and any nonconforming materials shall be identified and 
documented.  

 

          Approved Supplier List 

The Contractor shall develop and maintain an approved Supplier list and make it available for review and 
approval by the Project Sponsor. The Contractor shall have a process in place to review the supplier’s 
ability to meet requirements prior to awarding a purchase order.  

 

 

Contractor input: 

 

In this section, document the purchasing process and how all products are received, inspected, accepted, 
stored and maintained. 

Important Note: The Contractor must comply to all Buy America requirements if the Project is 
Federally Funded. This section shall also identify the verfication and control of purchased 
materials to ensure that these requirements are met. 
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6. Product Identification and Traceability (If applicable) 

Note: If the product identification and traceability process does not apply, you may put 
“N/A” in this section. 

The purpose of product identification and traceability is to ensure the control of materials, parts, 
components, equipment, and products, and the identification and traceability of these materials to prevent 
the use of incorrect or defective items. They also ensure that only correct and acceptable items are used or 
installed. These requirements apply to all materials, parts, components, equipment, and products, including 
partially fabricated or assembled components, produced for incorporation into the project.  

 

Identification 

All materials, supplies, and components that are intended for use in this Project shall be identified from 
the time of initial fabrication, or receipt, up to and including installation or end use. Items shall be identified 
by positive markings and/or certifications. They shall be segregated and/or stored with identification data 
to ensure control and proper identification as applicable.  

Item identification methods include use of physical markings. If physical markings are either impractical 
or insufficient, other appropriate means of identification such as physical separation, container labels, 
barcodes or tags shall be employed. 

 

Traceability 

Item identification methods ensure that traceability is established and maintained in a manner that allows 
an item to be traced to applicable drawings, specifications, specific test report, purchase order, or other 
documents during all stages of production, delivery, and installation or end use.  

 

Contractor input: 

In this section, document how materials, components, equipment, and products will be identified:  

 

Important Note:  The Contractor must comply to all Buy America requirements if the Project 
is Federally Funded.  This section shall also identify the verfication and control of purchased 
materials to ensure that these requirements are met. 
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7. Process Control 

To achieve accuracy and consistency, the Contractor shall identify and plan the installation and/or 
construction, and testing processes that directly affect quality and ensure these processes are performed 
under controlled conditions. Controlled conditions shall include the following:  

▪ Personnel qualifications and certifications requirements. 
▪ Documented work instructions, including acceptance criteria, where such are needed to ensure 

quality.  
▪ Implementing documents defining the manner of design and/or construction process. 
▪ Use of suitable products for design; installation and testing and/or construction equipment, and 

a suitable working environment. 
▪ Compliance with referenced standards/codes, quality plans, and/or documented procedures. 
▪ Monitoring and controlling of processes parameters and documenting product characteristics 

during installation, and testing. 
▪ When required, changes to processes must be controlled 

 
A major issue in process control is to ensure that work is performed in the proper sequence. 

 
 
 
Contractor input: 

 In this section, document how the process will be controlled to ensure accuracy and consistency.  
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8.     Inspection and Testing 
 

Activities affecting quality shall be inspected and documented by experienced personnel who are 
independent of those performing the work. Inspections and tests shall be performed in accordance 
with approved documents to determine that contract activities meet the established requirements 
of the specifications. 

 
 Contractor input: 

 
In this section, identify the types of inspections and/or testing to be performed and the 
procedures/forms to be used to perform the inspections and/or testing: 
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9        Inspection, Measuring, and Test Equipment 
 

All equipment used in the inspection, measuring, and or testing shall be identified, calibrated, and 
maintained under controlled conditions. Provisions shall be established for re-calibration of such 
equipment in a timely manner. The equipment to be used shall meet the National Institute of Standards 
and Technology (NIST) standards of accuracy for the measurements and tests required. 

 

Contractor input: 

 

In this section, document which inspection, measuring, and test equipment will be identified, 
calibrated and maintained to ensure its suitability for use. Also, identify the calibration intervals or 
frequency for each equipment that is subject to calibration:  
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10      Inspection and Test Status 
 

A means should be provided for identifying the inspection and test status of the work during the 
installation and/or construction process. The purpose of this is to ensure that only work that has 
passed the required inspections and tests is accepted. 

 

The test and inspection status should be identified by means of markings, stamps, tags, labels, 
routing cards, inspection records, test software, physical location, or other suitable means. 

 

 Contractor input: 

 

In this section, document the method to be used to identify the inspection and testing status on 
the work to be performed: 
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11 Nonconformance 
 

At a minimum, nonconformances should be controlled through immediate identification and 
segregation/containment. When segregation is not possible, nonconforming items should be 
clearly identified as such. Nonconforming work should be identified, documented, and evaluated 
to determine appropriate disposition.  

The document should identify the authority responsible to make decisions and act with respect to 
the nonconformance, and should be traceable to any corrective action to prevent recurrence. Those 
activities affected by the nonconforming work should be immediately notified.  

 
 
 

 
  Contractor input: 

 

In this section, document the method to be used to identify, document, evaluate and address 
nonconforming conditions.  It is highly recommended that a “log of nonconformances” is kept 
and that it includes the corrective actions to address the nonconformances:  
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12 Corrective Action 
 

The corrective action plans should include the investigation of the root cause of any 
nonconforming work and the preventive action needed to prevent recurrence. 

 
  Contractor input: 

 

In this section, document the method to be used to implement a corrective action plan to address 
all nonconformances.  It’s highly recommended that a log be kept to track all nonconformances 
and the proposed corrective action plans as necessary:  
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13 Quality Records 
 

Procedures should be established and maintained for all quality records.  These procedures should 
identify which records should be kept, responsibility for production and collection, and 
responsibility for indexing, filing, storage, maintenance, and disposition of all quality records. 
 
Additionally, any electronic data should be regularly backed up, and backups should be stored 
offsite in a manner to ensure their safety from deterioration and/or damage. 

 
  Contractor input: 

 
In this section, identify which quality records will be controlled , the authority responsible for 
the records, and the process to ensure that records are maintained, stored and dispositions 
appropriately:  

 

 Example of Quality Records: 

▪ Approved quality plans and procedures 
▪ Inspection Reports 
▪ Test Data 
▪ Calibration Records 
▪ Nonconformance Reports 
▪ Corrective Action Reports 
▪ Audit Reports 
▪ Training Records 
▪ Design review records and submittals 
▪ Product Certification 
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14 Quality Audits (if applicable) 
 
  Note:  If quality audits does not apply, you may put “N/A” in this section 
 

Quality audits are not the same as financial audits. A quality audit program should be established 
to ensure that the elements of the contractor’s quality program are functioning as intended. 

 
Quality audits should be performed by the Contractor’s qualified quality personnel, and should be 
independent, scheduled, and performed to standards and/or checklists. A final report that identifies 
the audit results should be generated, distributed, and a log developed to track both the findings 
and corrective action plans. 

 
  Contractor input: 

 
In this section, document the quality audit program that should include an audit schedule, the 
activites to be audited and how the contractor will address the audit findings:  
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      15         TRAINING 
 

The contractor should establish and maintain procedures for identifying the training needs and 
provide for the training of all personnel performing the activities affecting quality. 

Records of the training, and evaluations, qualifications, and quality related certifications should 
be maintained. A training matrix can be used as an effective tool for determining which personnel 
require what type of training. It is also important that effectiveness of training be evaluated to 
ensure that it has achieved or failed its objectives. 

 

  Contractor input: 

 
 In this section, document the training program, personnel qualification and any certification   
needed as necessary:  
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APPENDICES 

 
 Contractor input: 

 
In this section, the Contractor may include any references, procedures, process flow charts, forms and 
acronyms/definitions that apply to this project: 

 

 



APPENDIX “G” TO SPECIAL PROVISIONS 

Existing Drawings for Informational Purposes



Martin Luther King Parking Garage Existing Plans are for 
informational purposes only and can be found on the 
following link: 

CIP271-DTPW23-CT SOLICITATION DOCUMENTS 

All documents inside this link can be downloaded. 

https://miamidadecounty.sharepoint.com/:f:/s/MD-DTPWCapitalImprovements2/Eh4AI8n5cH5NnZ2q4IVy6YgBopXdez6q4mfMrzk-6s1pZw?e=ejy0Qm
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