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REPORT

On December 6, 2007 at approximately 6:15 a.m. an incident occurred during the construction of
a five-story concrete parking garage in downtown Jacksonville, FL. The location is 500 East
Bay Street, Jacksonville, FL. One construction employee was killed and twenty-one injured.

The incident occurred when the 6™ parking level was being cast with fresh concrete.

The Regional Administrator, Region IV, requested the Directorate of Construction (DOC),
OSHA National Office, Washington, DC to provide engineering assistance to the Jacksonville
Area Office. A structural engineer visited the incident site and examined the failed structure on
December 11, 2007. The same structural engineer made a subsequent visit fo the site on January

- 8, 2008.

Subsequently, DOC investigated the incident, analyzed the structure for the design loads and for
the construction loads placed at the time that the 6 level was being cast. This document
includes the report and the conclusions reached. '

The garage is a2 poured-in-place concrete structure measuring approximately 116 ft. x 252 ft.
There was no basement in the garage and it'consisted of six levels including the ground level,
called the 1% level. The roof was the 6™ level and was designed for parking as well. The parking
garage was a part of a bigger project, a 23-story condominium tower, called Berkman Plaza I
Structurally, the parking garage is a separate structure from the tower. The structural design
consisted of cast-in-place one way continuous post-tensioned slabs in the north-south direction
and post-tensioned beams in the east-west direction. The columns were also cast in place. There
were seven bays in the north-south direction and two in the cast-west direction. The bays were
unequal and, therefore, the thickness of the slabs varied. The lateral load-resisting system
consisted of cast-in-place shear walls enclosing the stairwells and some additional shear walls on
the north side. See Fig. | for a typical plan of the garage. For the purpose of this report, the
prefix “G”, meaning garage, has been omitted for identifying column grid lines.

The following were the key participants in the project:
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1. Architect: Pucciano & English of Atlanta, GA.

2, Structural Engineer of Record (SER): Structural Consulting Group, LLC also of Atlanta,
GA.

3. General Contractor/Construction Manager: Choate Construction Company of Pooler, GA.

4. Formwork, Shoring Contractor: Southern Pan Services Company of Lithonia, GA.

5. Formwork Designer: Patent Construction Systems (Patent) of Tampa, FL and Universal
Engineering Sciences (Universal).

6. Concrete sub contractor: A. A. Pittman & Sons Concrete Co., Inc. of Jacksonville, FL.
This sub contractor was responsible for placing and finishing concrete for the slabs and
beams but not the columns.

7. Concrete sub contractor; Southern Pan Services Company (Southern) of Lithonia, GA.

*was responsible for all vertical concrete, e.g., columns, shear walls,

8. Concrete provider: Florida Rock. .

9. Reinforcing steel provider: Gerdau-Ameristeel of Jacksonville, FL.

10. Post-tensioning sub-contractor: PTE Strand Co., Inc.of Hialeah, FL.

11. Reinforcement placement sub contractor; Infinity Reinforcing of Palm Coast, FL.

The garage structure was.placed under the threshold category by the Florida Building Cods
(FBC). Synergy Engineering (Synergy) was retiined as the threshold inspector. Synergy hada
contract for the condominium tower as well as for the garage. Ameng its responsibilities were to
inspect the reinforcing steel, post-tensioning steel conforming to the contract drawings and
approved shop drawings. Synergy also participated in the progress meetings held regularly at the
site. It also had the responsibility for inspecting shores, reshores, and other formwork

- components. The site representative of Synergy was a registered professional engineer.

In addition to Synergy, Universal was another inspector at the site. Universal was retained by
Southern to inspect the formwork, shoring and reshoring and advise them on such matters. Both

Synergy and Universal prepared inspection reports.

The construction began in the early part of 2007 with pile foundations for the garage. The 1% ‘
leve] was a slab on grade. Casting of the elevated slabs began in June of 2007. Each level was
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' divided in two parts called A and B for casting identification. Up to the time of the incident, five
' gl levels were already poured and the casting of the sixth level, part A, was in progress at the time
of the incident. On December 6, 2007, concrete casting began in earnest in the early hours, ¢.g.,
- 12:30 a.m,, from the west side near column line E between columm grid lines 2 and 3 proceeding
: 5 north. First the crew poured concrete in the beam formwork up to the underside of the slab and
( f  then placed concrete for the slab. Concrete for the siab was successively placed without any
/ reported problems. After having cast concrete in the bay bounded by column grid lines A & C
and 2 & 3, the crew turned east and began placing concrete between column grid lines 3 and 4,
_ then proceeding south towards column grid line E. They had completed casting concrete up to
,‘ approximately 10-15 ft. south of column grid line C when the incident occurred.

The collapse was massive as it encompassed all the elevated slabs from columns grid lines A to

G and column grid lines 2 to 4. The slabs fell generally on the top of each other with the

columns crushed in between. The shores and re-shores were also crushed between the collapsing

slabs and beams, See Fig.s 5 thru 18 for the extent of the collapse. Two bays on the south side,

however, remained standing with slabs north of column grid line G hanging towards the north,

still connected by rebars and post-tensioning cables, see Fig. [7. The failure included the shear
' wall on column grid line A and the shear walls enclosing stair G1 near column grid line 2.

Shores for the 6% level began to be erected on or about November 14, 2007. At the time of the
collapse, the 6% level was shored down to the 5 level. Reshores were provided between the 5%
& the 4™ level, and between the 4" and the 3™ level. There were no reshores under the 3" level
as they had been removed earlier on or about November 19, 2007, Therefore, on the day of the
incident, the loads of the wet concrete and other construction loads from the 6* level were
supported on the 5%, 4% and the 3™ levels of the garage. This was the first time that concrete was
being cast on elevated slabs without reshores extending down to the 1% level.

Southern retained Patent to design the formwork and to prepare formwork layout drawings
including shoring and reshoring. Patent prepared the drawings showing the layout of the
formwork, shores and reshores. The first three drawings bore a signature dated May 4, 2007 and
the last five drawings had the same signature dated June 12, 2007. On drawings No. 7 & 8,

5
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number 8607K038, re-shores were indicated extending down to the 1* level. It required that at
the time the 6® level was cast, all levels below the 6™ level must be shored/reshored. See, Fig. 3.
During the interview with OSHA, Patent stated that it was their standard policy to ask the
contractors to extend the reshores down to the ground level, regardless of the height of the
structure and the number of floors. Patent, however, stated that if the contractor did not wish to
place re-shores down to the ground level, the contractor had the option to retain an engineer to
advise him whether fewer levels of reshores could be used.

There are conflicting rcponé about why Southern removed the reshores under the 3™ level
despite the fact that the Patent drawing showed the reshores extending down to the 1® level,
When OSHA asked Synergy why, as a threshold inspector, it would permit placement of
concrete on the 6™ level without the reshores under the 3™ level, it responded that the SER, in

- response to its e-mail secking clarification of where re-shores were required, advised that
reshores were only required under a certain slab requiring repairs, and at no other place.
Synergy, therefore, did not raise the issue with the contractor of the lack of reshorés under the 3"
level. See, attachment D, showing copies of the e-mails. It was discovered earlier that 61 top
#5 mild steel reinforcement .bats, 46-feet long, were inadvertently not placed in the ramp, from
2™ 1o 3™ tevél slab bounded by column grid lines D & E, and 2 & 3. To correct the structural
deficiency created by the lack of rebars, SER recommended certain repairs to the siab and asked
that the slab in question continue to be reshored until repairs were completed. OSHA asked SER
about the e-mail. SER stated that his response was not meant to address the necessity for or lack
of reshores anywhere in the garage except in the areas needing repairs. SER further explained
that methods and means of construction are solely the responsibility of the contractor, and the

contractor should determine whether shoring and reshoring are required.

The construction of the parking garage included many minor and major issues, It was reported
to OSHA by a number of sources that the difficulties were compounded by the fact that the SER
was not forthcoming in resolving the questions, and had a nonchalant and dispassionate attitude
towards the structure he designed. SER denied this during an interview with OSHA. The

majarity of the issues arose at the beam-column joints from the congestion created by a large
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@ @
number of post-tensioning cables, top and bottom mild reinforcements of the beam, and
longitudinal reinforcements and dowels in the column. See Fig. 4 for the mumber of
reinforcements at the dead end of a post-tensioned beam. Honeycombing and voids were
reported at the beam-column joints. For example, the 5 level beam on column line G between

grid lines 1 & 3, the 2™ level beam on column line G betwsen grid line 3 & 4, and the 5 level

beam on grid line E between grid lined 2 & 3 could not be post-tensioned due to honeycombing
at their ends, '

Another set of issues arose from the cracks observed at the interior and exterior beam-column
joints and in the slabs, see attachment E. For example, it was reported that cracks developed at
multiple levels at the columns C-2, C-3, D-3, D-4, E-4, F-4, G-4 and H-4. There were also
cracks at the'slab framing into the shear walls enclosing the stair. For example slabs had cracks
near the stair G1, G2 and G3 at the 3", 4" and 5™ levels. There were also reported to be cracks
in the 3" level slab. An eyewitness reported during an OSHA informal interview that a crack
extended diagonally across the post-tensioning cables through the entire depth of 20” thick slab
on the 3" level. Others reported cracks of a lesser s.cvcrity and not through the entire depth of
the slab. The cracks were brought to the SER’s attention. He responded that the cracks at the
beam column joints and at the slab wall junctions were occurring due to the restraints against
movement, He suggested that certain areas of slab be reshored and that the cracks should be kept
under observation. When asked by OSHA about the cracks in the 20” thick slab away from the

shear walls, SER expressed a lack of knowledge of these cracks. The cracks in the 20” thick slab
were never fully resolved,

STRUCTURAL ANALYSES and DISCUSSION
The purpose of the structural analyses was ta:

1. Determine whether the garage structure was properly dcsigncd in accordance with the
industry standards.

7

R-8 OSHRC Docket #08-0866 8 of 49

ADOSN 10 AAATIA Aarn=



2. Determine whether the third level could have supported the loads imposed upon it at the
‘ time of the incident without any reshores under the third level, and if the contractor had
assumed, a5 is customary, that the structural design was sound and reliable.

3. Determine the cause of the collapse.

The following drawings were reviewed.

1. Structural drawings SG 0.1, SG 1.1, SG 1.2, SG 2.1 thru 2.5, SG 3.1 thru 3.5. SG 0.1
was signed on December 16, 2006, The rest were signed on September 5, 2006.
Architectural drawings , G-1 thru G-11 with various dates.

Formwork and shoring/re-shoring drawings 8607K038 (eight drawings)

Southern Pan Services Company drawings SG 3.1 thru 3.5, G 6 thru 8.

PTE Strand Co., strand lay-out drawings PT-01, PTP021, PTP020, PTP 030, PTP 040
and PTP 060

6. Gerdau Ameristeel re-bar detail drawings: R-035, RC-02 thru RC-10, RSG-1 thru RSG-12.

noA W N

The structural analyses were generally limited to the area of the collapse. The following
. information provided in the general notes of the structura!l drawings was pertinent to this
investigation: C e

1. Florida Building Code (FBC) was used to design the structure.

2. Design of the garage was based upon a live load of 50 psf, as indicated by the SER.
(There is no mention of any live load reduction in the documents. It was, thercforc,‘
assumed that the FBC-permitted reduction was used, see attachment A).

3. 5,000 psi was indicated to be the concrete strength at 28 days for slabs, beams and _
columns. However, for our evaluation, a 6,000 psi concrete strength was assumed for the

beams and slabs, based upon the testing laboratory documents, and 5,000 psi for the
columns, ‘

FBC and all other industry codes provide a “margin of safety” in the design of all structures by
increasing the actual loads by factors called “Load factors” and by reducing the capacities of
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materials by “Phi (@) Factors”. A combination of the two factors provides a desired factor of
safety and is well recognized and practiced in the industry, and has served well, see attachment
B. For the purpose of this report, evaluations were done with and without these factors to arrive
at the code- prescribed design strength, and at the “failure” loads with no margin of safety.

The load factors considered in the evaluation of the design were (1.4 x DL) or (1.2 x DL + 1.6 x
LL), which ever provided a higher value. For the strength design, the ¢ factor for flexure and
shear was used as per ACI 318-02 code. For the evalustion of the structure, a live load of 40 psf
was used as permitted by the FBC, instead of 50 psf as indicated by the SER in his general notes.
However, if the contractor was to have determined whether the third level could support the
loads imposed upon it at the time of the incident, a live load capacity of 50 psf could have been
used. The contractor could have safely assumed that the 3™ level had a live load capacity of 50
psf, as this information was readily available on the structural drawings,

Evaluation of Slab:

The design consisted of one-way continuous post-tensioned slab in the north-south direction
supported by post-tensioned shallow and wide beams in the east-west direction. In addition to
the post-tensioning cables, the slab was reinforced with mild steel for positive and negative
flexural moments including temperature reinforcements. The slab design was generally typical
for all levels. The thickness of the slabs varied with their span lengths, as shown below:

Column line from Span length Slab thickness
-GA to GC 60’-6” 207

GCtoGD ' 38°-10" . 16”

GD to GE 25'-4" 8"

GE to GF 26'-10" 8”

GF to GG 26"-10” 8"

GG to GH 26-10" N 127

GH to GI 474" 147

9
OSHRC Docket #08-0866 10 of 49

ARSOL (8-60078) 0199



The slab design was found to be adequate for the live load of 40 psf without any live load
reduction. The amounts of post-tensioning cables and mild steel were generally proper. The
thicknesses of the slab also met the general ACI guidelines and undue deflections could not have
been expected. The slab was also deemed satisfactory for a live load of 50 psf.

Eyaluaﬁon of heams:

Flexure

The schedule of beams taken from the structural drawings is shown in Figure 2. For location of
beams, see figure 1. For our evaluatien, 6,000 psi was considered to be the strength of the
concrete although the contract documents specified 5,000 psi as the concrete strength. Testing
laboratory documents indicated that 6,000 psi was the required strength for beams and slabs (see
Table 4). There were five different beams provided, SB-1 thru SB-5. The most critical beam of

significance to this investigation was SB-5 that was the most heavily loaded as it supported
wider spans of the slabs.

For our analyses, considerable thought was given to determine whether the SB-5 beam should be
treated as a simple beam or with continuity with the column at the east end, and with the
beam/column at the west end. It was quickly realized that fixity at either of the ends of the beam
would be problematic due to a number of reasons. At the east end, there was a slender 14” x 28"
column oriented about the minor axis with the beam. Further, the 60 beam was much wider
than the column, thus only a few top reinforcements could develop their full strength in the
column, The drawings called for 6 # 8 continuous top and bottom bars, of which only three
could fall within the confines of the column. With a 90 degree hook, a minimum development
length of 15 '4” was required for a concrete strength of 6,000 psi. The column was only 14”
wide, and with the minimum amount of outside cover, it would not haﬁe been possible to
develop full strength of the bars. The post-tensioning cables were placed at the center of gravity

(c.g.), of the T-beam and thus could not be expected to provide continuity of the beam with the
column,

10
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On the west side, it was similarly problematic to consider the beam to be continuous. First, the
post-tensioning cables were dead-ended on column grid line 3 at the c.g. of the beam. The top
mild reinforcements did not continue to the adjoining span. The column was, however, 28" wide

instead of 14”. At least 3 #8 bars could be developed in the column with proper development

- lengths. It was calculated that 333 fi-kips of partial fixity could be obtained which is only 4.66%

R-8

of the total simple positive moment and therefore, could be ignored.
The beam was evaluated for four load cases with 6,000 psi concrete:

1. Load case 1: Unfactored dead load of the beam and the slab.

2. Load case 2: Unfactored service loads consisting of dead load of the slab/beam and the
reduced live load, as permitted by FBC, based upon 2 basic live load of 40 psf.

3. Load case 3: Factored dead load and factored reduced live load, as permitted by FBC.

4, Load case 4: Unfactored dead load and other unfactored loads of the wet concrete and

construction loads coming from the higher levels at the time that the 6% level was being
cast at the time of the incident.

Loads imposed upon the beams were derived based upon the tributary area. The beam had 78 -
strands in addition to 6 #8 rebars top and bottom. It was determined that, based upon concrete
strength of 6,000 psi, the beam had a positive flexural strength of approximately 5,370 and 5,967
ft-kips with and without ¢ factor, respectively. Under the load case No.1, the actual demand to
support the unfactored dead loads of the élab and the beam was 5,013 ft-kips. Under load case
No. 2, the actual demand was 5,496 fi-kips below the design strength without the ¢ factor.
However, under load case No. 3, the actual demand was 7,018 ft-kips, 31% higher than the
design strength, indicating deficient design by the SER. Under load case No. 4 that represents the
loads at the time of the incident, the actual demand was 7,150 ft-kips, higher than the design
strength of 5,967 fi-kips, even when load factors and ¢ factors are not considered.

From the flexural aspect, the beam design was deficient under code prescribed load and ¢

factors. The beam was, however, able to support its own dead load with little factor of safety
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when the shores were removed. At the completion of the project, it is believed that the beam
would have been able to support the load without the load and the ¢ factors.

At the time of the incident, case No.4, the actual demand was 7,150 ft. kips which could be
reduced to 6,820 ft. kips, considering a fixity of 333 ft. kips at each ends of the beam. Even with
consideration of the partial fixity, the actual demand was 14% higher than the design strength
without load and ¢ factors. However, the actual demand could even be lower because the beam
SB6 located between column grid lines 4A and 4C supported a part of the 3™ level loads coming
from the 6" level, as this beam remained shored during the casting of the 6™ level. This

reduction in demand was not accounted for in the computation.

A failure due to flexure generally does not take place in a catastrophic manner as it provides
visible deformation and noticeable sag before leading to the ultimate collapse. No such
observations were reported by employees but future observations of the failed elements, after the
current recovery is completed, could lead to re-evaluation.

Shear

Under load case Nos. 1, 2 and 4, our analysis indicated that the designed shear stirrups at a
spacing of 12" o.c. were marginal, see Table 1. As mentioned earlier, the evaluation of these
cases was done without considering load and ¢ factors. When load and ¢ factors were
cbnsidered, the spaciﬁg of shear stirrups in all load cases were found to be deficient. In load case

No. 3, the required spacing was 8” o.c., as per applicable codes instead of 12” as shown on the
contract drawings.

The shear stirrups were significantly under-designed for the factored dead and live loads and did
not meet the code requirements. At the completion of the project, it is believed that failure
would not occur due to deficient shear design based upon unfactored dead and live loads but
then, the margin of safety would be minimal. It is further believed that the deficient shear design
did not contribute to the collapse as shown in Table 1, load case No.4.

12
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Evaluation of Columns:

21 columns were evaluated for different load cases. A load combination of (1.4 x DL) or (1.2 x

DL+14xLL) was used to arrive at the governing load. The following load cases were
considered:

1. Load Case No.l: Unfactored dead load of slab, beam and columns.

2. Load Case No. 2: Unfactored dead and unfactored reduced live loads.

3. Load Case No. 3: Factored dead and factored reduced live loads (Basic live load of 40
psf).

4. Load Case No. 4: Unfactored dead loads and unfactored construction loads from the
6" level at the time of the incident.

The required capacities were compared with available strengths with and without the ¢ factor,
see Table 2.

With ¢ factor, Design strength @Py, mer = 0.806[0.85f.° (4, A + [y As
Without ¢ factor, Design strength Py, max = 0.80[0.851;° (4, — A + fy Ag]

Of the 21 columns, eight cplumns C2, C3, C4, D3, E3, F3, G3 and H4 were considered criticﬂ
for the above four load cases, see Table 2.

Of the eight columns, all except H4 were determined to be deficient as per the prescribed codes,
based upon the 5,000 psi concrete, the strength specified by the SER. However, if 6,000 psi
concrete was considered, only four columns, C2, C3, C4 and D3 would be deemed to be '
deficient. Available records, see Table 3, indicated that the required strength was 6n1y 5,000 psi
for all columns. Further, if the ¢ factor is not considered in-the evaluation of the column design

strength, all columns had the capacity to support the load even at 5,000 psi concrete strength,
with the exception of C4.

13
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The column C4 was considered the most critical. The size of the column C4 was increased
below the third level due to architectural reasons. Therefore, loads from the third level and
above were only considered for the C4 column. For load case No.1, C4 was barely able to
support the dead loads even when the ¢ factor was not considered. When the ¢ factor is
considered, the design strength was 971 kips compared with the demand of 1,545 kips. This is
the most serious design flaw in the structure. For load case No. 2, the column could not support
the loads with or without the ¢ factor at 5,000 psi concrete strength. Only at 6,000 psi concrete
without the ¢ factor, the column could barely support the loads. For load case No. 3, the column
was determined to be grossly under-designed. For the load case No. 4, it was computed that
approximately 1,641 kips were placed on the column at the time of the incident between the third
and the second floor. The column could not support this load even when the ¢ factor is omitted
at 5,000 psi concrete strength. Only when the concrete strength is considered to be 6,000 psi,
and when the ¢ factor is ignored, then the column is able to support the load.

Actual concrete strengths of the columns have been tabulated in Table No. 3. With the exception
of two columns, most of the concrete breaking strengths at 28 days were noted to be 6,000 psi or
higher, In two cases, however, the concrete strengths were approximately 5,700 psi. For the C4
cdlumn, there were three laboratory breaking strength reports available: 302 sampled on July 23,
2007; 435A sampled on October 12, 2007; and 436A sampled on October 15, 2007, Report 302
indicates a strength of 7,230 pounds at 7 days. Reports 435A and 436A indicate strengths of
5,770 and 6,480 pounds respectively, at 28 days. The sampling of the concrete for Report No.
302 was taken when concrete was placed between the 2™ and the_3"' levels. Therefore, if indeed
the actual concrete strength was above 6,000 psi, and the margin of safety was disregarded, it is

considered unlikely that the failure could have occurred at the loads placed on the C4 column at
the time of the incident.

Discussion;

We will now consider whether it would have been appropriate for the contractor to have assumed
that the 3™ level slab and beam would be able to support the loads during casting of the 6% level,
assuming that the structural design was correct and reliable. Contractor had a right to assume

14
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that the structural design is sound and meets the applicable codes. It is concluded that it would
be erroneous for the contractor to load the 3™ level during casting of the 6th level without
performing an evaluation of the capacity of the slab, beam and column with due regard to the

design parameters and applicable building codes. Only a person knowledgeable in structural
design could perform such an evaluation. Regrettably, no such evaluation was performed.

We then considered that had the contractor performed such a proper evaluation, what conclusion
would he have reached. Our analysis indicated that the contractor could have reached the
conclusion that reshores might not be required under the 3% level, if the design of the structure

was properly performed. This conclusion would lead to little margin of safety, and failure could
occur with any incidenta] increase of construction load.

SER had indicated that the design of the garage was based upon a live load of 50 psf. It was also
mentioned on the structural drawings that the design was performed in accordance with FBC that
would have permitted a reduced live load of 30 psf (60% of 50 psf) for the beam. The 20” slab
would therefore be designed for its dead load of 250 psf and a live load of 30 psf.. Similarly, the
16 slab would be designed for its dead load of 200 psf and a live load of 30 psf. The ultimate
load capacity of the 20” slab would therefore be 1.4 x 250 = 350 psf, and that of 16™ slab would
be 1.2x 200+ 1.6 x 30 =288 i:sf. Applying the phi factor of 0.9, the ultimate strength capacities
at the time of failure would be increased to 389 psf and 320 psf for 20” and 16” slabs
respectively. Therefore, the 20" slab had a “reserve™ capacity of 139 psf (389-250=139) and the
16" slab had a “reserve capacity of 120 psf (320-200=120).

The superimposed loads from the 6% level during its casting would be:
Dead load of concrete = 250 psf for 20” slab; 200 psf for 16™ slab
Construction load = 50 psf, see Attachment C

Forms and shores = 6.5 psf, see Attachment C

All loads except the forms and shores will be shared equally by the 5%, 4% and 3" levels. The
20" and 16" slabs at the 3 level would therefore be subjected to load of 106.5 psfand 90 psf
respectively below their “failure loads” at the time of casting of the 6™ level.

15
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It must be mentioned here that at the completion of the structure, the 3™ level would never
experience a load as large as it was subjected to during the 6™ level casting because the garage

floors are designed for a light live load of 30 psf as per FBC. When the 6® level was being cast,
the 3 level was subjected to.a load 300% greater than the live load.

16
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Conclusions:

1. ‘At the time of the incident when the concrete on the 6® level was being poured, there

were 0o re-shores below the 3™ level except a few under the perimeter beams. The re-
shores under the 3" level in the collapsed area were removed by the shoring
subcortractor without a determination made by e person knowledgeable in structural
design that the 3™ level would be able to support the loads of the wet concrete and
construction loads from the 6 level, and form and shore loads. The contractor violated
OSHA's 1926.701(g) standard. % the contractor had not removed the reshores, the
-i::cidmt would not have occurred despite the flawed structural design.

6. The shoring subcontractor disregarded the shoring plans prepared by its subcontractor
which indicated that the 3™ level should be reshored down to the 1* level. There were no
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other shoring plans available at the site for the employees to rely upon and refer to. Thus,
OSHA standard 1926.703(a)(2) was violated.

7. In the areas of the parking garage that were still standing after the incident, several
aluminum stringers were observed to have been placed in the flat position instead of the
upright position. This comi:romised the load-carrying capacity of the beams, However,
this did not contribute to the collapse.

8. The threshold inspector failed in his duty to report to the appropriate party the abs

ence of
reshores below the 3" level at the time that the 6” level wes being cast.

1552(b)(5) & (7)(a)

9. The threshold inspector failed to notice that top continuous rebars were missing in the

s:oond to the third level.

The slab was poured without the top bars.
&(Nia

52(b)(

11, The absence of reshores was in plain sight of everyone involved.

18
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TABLE 1

SUMMARY OF DESIGN FORCES OF THIRD FLOOR BEAM SB-5 (£’ = 6,000 psi)

Loading Loading during construction without load factor and ¢ factor " Luading for finished structure with load
stage ’ factor and ¢ factor }
#= 1.0 for bending and 1.0 fos shear ¢=0.9 for bending and 0.75 for shear
Loading Load case I: Load case 2: Load case 4: Load case 3:
Unfactored dead load (1.0 DL) of the | Service load Unfactored (DL + wet concrete and Factored {{DL + reduced LL)} of
third floor beam and slsb Unfactored (DL + reduced LL) construction load from column line A to | factored {(DL))
D at sixth floor)
: Load combination = {(1.2 DL) +(1.6
Load combination ={(1.0 DL) + reduced LL)} or {(1.4 DL)}
113 {(wet concrete at 6™ floor + 50 psf))
Loading (1.4 DL) Governs
Magnitude Actual | Design Remarks Actual | Design Remarks Actual | Design Remarks Actual | Design Remarks
demand | strength demand | strength demand | strength demand | strepgth
Flexural Actual monent Actual moment Actual moment Actusl moment
moment is less than its is less than its i 20 % beyond is 31 % beyond
(Unit fi-kips) | 5,013 5,967 design 5,496 5,967 design strength. | 7,150 5,967 its design 7,018 5,370 design strength.
strength. ] - 0K strength. & NG.
o OK. -~ N.G.
Design shear Actua] shear is Actual shear is Actual shear is Existing shear
ath/2 less than taken less than taken Tess than taken stirrups of #4 at
From 326 520 by concrete. 57 520 by concrete. 465 520 | by concrete. 456 390 12" (against
support face s 0K -~ 0K L OK required at 8)
(Unit kips) : on center is not
enough to resist
the shear.
-~ NG.
<
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TABLE 2

UM Y OF CRITICAL COLU

N

GTH

DESIGN LOADS AND ITS DESIGN S

(UNIT KIPS)

Loading Garage column designation based on their grid line
' ~ c2' c3 [ D3’ E3' F3' G3' H4'
Unfactored dead load of the slab, beam and | 1,027 2,679 1,545 1,285 777 765 840 674
columns 4
Service load 1,089 2,846 1,641 1,385 869 861 894 716
(unfactored DL + unfactored reduced LL)
Ultimate load™ 1,438 3,751 2,163 1,799 1,088 1,071 1,176 944
Load during casting of sixth floor: 1,080 2,841" 1,641 1,283" 613 595 652 504
unfactored (DL + sixth floor wet concrete
load and constryction load from A to D) ' .
Design strength ¢P,* (£’ = 5,000 psi) | 1,049 2,196 971 1,049 1,049 1,049 1,049 971
(fc =6,000psi) |[1,220 2,536 1,142 1,220 1,220 1,220 1,220 1,142
Design strength $=1.0 (£’ = 5,000 psi) | 1,614 3378 |1494 |1,614 |1614 |1,614 |i,614 | 1,494
([ =6,000psi) |1,877 3902 11,757 | 1,877 11877 1,877 1,877 1,757
Ultimate load vs. Design strength ¢P,* '
(f’=5,000psi) |N.G. N.G. N.G. N.G. N.G. N.G. N.G. 0.K.
: (' = 6,000 psi) N.G. N.G. N.G. N.G. 0.K 0.K, 0.K. 0.K.
Service load vs. Design strength (¢ = 1.0)
(f’ = 5,000 psi) 0.K. 0.K. N.G. 0.K. 0.K, 0.K. 0.K. 0.K.
(fc'=6,000psi) |O.K 0.K. O.K. 0.K. 0.K. 0.K. 0.K. 0.K.
Load at the time of incident vs. design . ' '
strength (¢=1.0) (f ' = 5,000 psi) 0.K. 0.K. N.G. 0.K. 0.K. 0.K. 0.K. 0.K.
(f<" = 6,000 psi) 0.K. 10.K 0.K. 0.K. 0.K, 0.K. 0.K 0K
20
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Legend:

PN~

Load from sixth floor through second floor.
Load from sixth floor through third floor.
Design strength @P,, wex = 0.804{0.85f. * (4, 4,) +fy A,

(Ref. AC1 318-02, Eq. 10-2)

Load is based on weight of wet concrete load and construction load on sixth floor from column line A to column line D

only. _
Ultimate load is based on 1.4 D.L. which is greater out of lo

21
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TABLE 3
SUMMARY OF CONCRETE CYLINDER TEST REPORT FOR COLUMNS
Report | Date Pour | Floor Column | Required | Test Results (psi)
"{ Number | Sampled | Level | To Floor | Numbers | 28-Day
Numbers Strength | 7 Days 28 Days
(psi)
105 3/5/07 |Gl 1"t 2™ [C3,12.3 {5,000 3,170 6,330
118 3/22/07 | Gl IMto2nd |13,13.5 |5000 |4,590 7,310
125 3/30/07 | Gl 1 to2™ | G4 5000 | 4,620 7,320
137 4/11/07 | Gl 1°"t02™ | HI 5,000 5,070 7,465
145 4/17/07 | Gl 1>t02™® |Gl 5,000 4,810 7,355
216 5/30/07 | Gl 1Tt 2% | E3, 5,000 3,970 Not
F3,G3 Identifisd in
the report
164 4/26/07 | G2 Foundation | Gridline | 5,000 4,230 Not
_ To 24 A Identified in
floor the report
302 7/23/07 | G2 2"to3rd | C2,C3, [6,000 7,230 Not
- lc4 _ Identified in
the report
319 8/1/07 | (2 2t03rd | 13.5,13, |35,000 4,050 5,715
12.3,E3,
G3
372 9/4/07 |G3B |[3rdto4th | D4, E4, {35,000 4,610 6,880
D3, D2,
2 :
435A | 10/12/07 | G4B |4thto 5th | C2, A3, | 5,000 3,720 5,770
C4, D4
436A | 10/15/07 | GAB |[4thto5th |B4,C4, |5,000 4,760 6,480
E4,C2,
D3, E3
476A | 11/9/07 | GSA |5thto6th | Gl,H1 |[35,000 5,080 6,655
504 11/29/07 | G5A. [5thto6th | F3,G3, |35,000 3,090 Not
’ G4 Identified in
the report
Berkman Plaza 22
R-8 OSHRC Docket #08-0866 ' 23 of 49
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TABLE 4
SUMMARY OF CONCRETE CYLINDER TEST REPORT FOR SLAB AND BEAMS
Report Date Pour Pour Area Required | Test Results (psi)
Number | Sampled | Level 28-Day
Strength | 7 Days 28 Days
(psi)
352 8/27/07 G3A Beam SB-5 6,000 7,330 9,215
at Grid Line
G0-G3
353 8/27/07 G3A Ramp from 6,000 5,850 7,900
23"
floor at Grid
Line G0-G3
354 827/07 G3A Ramp from 6,000 7,320 8,460
2ml to 3!‘4
floor at GC-
G3
355 8/27/07 G3A At Grid Line | 6,000 7,120 9,235
C5-4
356 82707 | G3A | AtGndLine | 6,000 6,810 Not Identified in the
F-3 report
357 8727/07 G3A At Grid Line | 6,000 6,870 7.940
B4
. 358 3707 | G3A | AtGnid Lins | 6,000 7.600 5,445
E-3 .
463 | 117707 |[G5A | Not 6,000 5,460 Not Identificd in the
Identified in ‘
{he report report
464 117767 | GSA | Not 6,000 5,590 Not Identified i the
Identified in
the report report
465 117707 |[G5A | Not 6,000 6,110 Not Identified in the
Identified in
the report report
466 117707 | GSA | Not 6,000 6,580 Not Identified in the
Identified in
the report report
467 117707 | G5A | Not 6,000 5,100 Not ldentified in the
Identified in :
the report report
468 117707 | GSA | Not 6,000 5,110 Not Identified in the
Identified in
the report report
‘ Borkman Plaz 23
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POST-TENSION BEAM 55H=DULE
REINFORCING | [FTEeome
, SB-l | ZT'D x 3B W/ 44 STRANDS ¢
SGCHEDULE 545 TOP @ BOTTOM FULL LENSTH WITH #4 TIES e12° O/C.
BOTTOM BARS SB-2| 27D x 4B"Ww/ 39 STRANDS ¢,
| AR RS — ;—*;TO;;?/O;:O;“IHJ.LLB‘GTHNTH“HEOD“O/&
s . X " IRANDS
R el 648 TOP @ BOTTOM FULL LENSTH WITH #4 TIES 812" OFC.
B3 | % X18'a 12 OL. "5B-4| 33°D x 60'W W 62 STRANDS ¢
B4 | %6 X32 @ I10°OC. 6-48 TOP @ BOTTOM FULL LENSTH WITH ¢4 TIES 012" OfC.
SB-5 | 33'D x 60'W W/ 18 STRANDS ¢ ,
TOPAﬁS - | 6~%8 TOP @ BOTTOM FULL LENSTH WITH &4 TIES o12" O/C.
MARK -6 %;&P'meﬁﬁl‘m&
R . 1]
T asxa'nzo. . ' BOTTOM FLL LENGTH NITH &4 TIES @12 O/C.
T |®sxeelds.
3 Bsxi2el0t00 4
4 | Bsx46'010"0C.
5 | B X460 8 0L
I | sx240100. |
0 | EXHerTos 4 | GARAGE STRUCTLRAL NOTES
‘_ SHEET NO.
. SHEAR NALL SCHEDULE
~ MARK | . DIMENSIONS REINFCRZING S G O 1
WALL
S HEIGHT, : %6 0 6" oc. VERT. EF.Mel6"0s. '
%5&3! == HORIZ EF. ¢ 4-%4 VERT, EE, %
14" THICK CONGRETE RALL
gA-2 46 0 16" 0. VERT. EF sdalb’oL
= HORIZ EF. ¢ 4-84 VERT. EE.
: GOLU!-IN. SCHEDULE FIGURE 2
- Fc = 5000 psl
DIMENSIONS REINFORLING **
ct | 4x28 61 VERT. w/ B TES ¢ [2° 0L,
c2 |4 x2m 243 VERT. W 13 TIES @ 12° O,
c3 | 24*x 28 HITH 1044 VERT, 8 TES e 12° OC.
4 | B"x 48 WITH (2 % VERT. 8 TTES 012" O/C.
c5 28" x 28" WITH 16 %9 ¢ 3 TIES 812" O/C. ’
~ ‘ PAGE 25
R-8 OSHRC Docket #08-0866 26 of 49

ARSOL (8-60078) N215




o - @ GD

NA

~ 7

7

-

PARTIAL RE-SHORING SECTION (TYP.)

Sale: NE=P

PAGE 26

R-8 OSHRC Docket #08-0866

7 | eowesss mavmstonres e mmmmenpvens

og 7% [T ™% aosor(T A8 NoTED

FIGURE 3

s SECTION D/D & TYP. RESHORE

AERXMAN PLAZA GARACE

JORANS IR

BEO7KO38 |
e

27 of 49

ARSOL (8-60078) 1914



27
OSHRC Docket #08-0866

Berkrman Plazy

28 of 49

tom o ——

A P,




29 of 49

-3

FIGURE 6
28
OSHRC Docket #08-0866

5
. DRt TR
b R T T

e

Herkmun Plaza

R-8

ARSOL (8-60078) 0218




FIGURES: . ..

Berkman Plaza 29

E4

k-a OSHRC Docket #08-0866 30 of 49

ARSOL (8-60078) 0218



R
®

L
¥
’
¥
-
3
’
.
;

Wy

FIGURE 10

30
OSHRC Docket #08-0866

Berkman Plaza

31 0f 49

R-8

ARSOL (8-60078) 0220




i an

i

B&kmn Plaza

R-8

-

FIGURE 12

: 31
‘OSHRC Docket #08-0866

32 of 49

ARQMI 712 QNN70\ NHN4




Botkman Plaza ) . o 32 '
8 OSHRC Docket #08-0866 33 of 49

ARSI (R-RNN7R\ N222



FIGURE16 . -

Berkman Plaza 13
R-8 A OSHRC Docket #08-0866 34 of 49 :

AT 78 ANATIAL AnmeA




"Berkman Pluza

FIGURE1S =

OSHRC Docket #08-0866

35 of 49




@ o ATTACHMENT A
(SHEET1of})

FLORIDA BUILDING CODE (2004)

- PAGE 35

OSHRC Docket #08-0866 36 of 49




ATTACHMENT A
(SHEET 2 of 3)

A _= Tributary dlea, in square feet (square meters). L shall not be less than 0.50 L Jor
. members supporting one fioor and L shali not be less than 0.40 L _for members supporting
two or more floors.

. K, = Live load element factor (see Table 1607.9.1).

LIVE LOAD

TABLE 1607.9.1
LIVE LOAD ELEMENT FACTOR, K 1L

ELEMENT
Interior columns
Exterior columns without cantilever siabs
Edge columns with cantilever slabs
Comer columns with cantilever siabs
Edge beams without cantilsver slabs
Interior beams
All other members not identified above including:
Edge beams with cantiiever slabs
Cantllever beams
Two-way siabs
Membears without provisions for continuous
shear transfer nonmal to their span

-'NNNUA&E

live

1607.9.1.1 Heavy live loads.
- Live loads that exceed 100 psf (4.79 kN/m 2 ) shall not be reduced except the

live loads for members supporting two or more floors are permitted to be reduced by a
maximum of 20 percent, but the live load shall not be less than L as calculated in

Section 1607.8.1 .

1607.9.1.2 Passeriger vehicle garages.

The Jivé Jodds shall naf be rediiced in pasSenger vehicle garages except the [ive loads
for merbers sipporting two.or mdre flodrs are permitted to be redutist by a Fnaximim
of 20 percent, but the. live load shall nét be jess Than L as cilculatéd in Saction

1607.9.1.,

1607.9.1.3 Special occupancies,
Live loads of 100 psf (4.79 kN/m :) or less shall not be reduced in public assembly

occupancies.

1607.9.1.4 Special structural elements.

Live ioads shall not be reduced for one-way slabs except as permitted in Section
1607.8.1.1 . Live Ioads of 100 psf (4.79 kN/m 2) or less shail not be reduced for roof
members except as specified in Section 1607.11.2.

live Joad

- 16807.9.2 Alternate floor live load reduction.
As an alternative fo Section 1607.9.1_, floor iive ioads are permittad to be reduced in.
accordance with the foliowing provisions. Such reductions shall apply to slab systems, beams,
girders, columns, piers, walls and foundations.

1. A reduction shall not be permitted in Group A occupancies.

2. Areduction shall mot be permitted when the live ioad exceeds 100 psf (4.79 kN/m
2) except that the design live load for columns may be reduced by 20 percent.

http://ecodes.iccsafe.org/icce/gateway.dll/Florida%20Custom/Build2004_FL/320/327?f=tem... 12/31/2007
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3. Forlive ﬁ not exceeding 100 psf (4.79 kN/m e design live joad for any

structural men"®&r supporting 150 square feet (13.94 or more is pemitted to be
reduced in accordance with the following equation:

' ATTACHMENT 4
R=r(A-150) (Equation16-22) _ (SHEET 3 of 3)

ForSLR=r(A-13.94)

Such reduction shall not exceed 40 percent for horizontal members, 60 percent for
vertical members, nor R as determined by the following equation:

R=23.1(1+D/A.) (Equation 16.23)

where:

A = Area of floor or roof supported by the member, square feet (m z).
D =Dead load per square foot (m ) of area supported.

L, =Unreduced live iaad per squére foot (m ) of area supported.

R =Reduction in percent.

r = Rate of reduction equal to 0.08 percent for fioors.

1607.10 Distribution of floor loads.

Where uniform fioor five loads are involved in the design of structural members arranged so as o
create continuity, the minimum applied loads shall be the full dead loads on all spans in
combination with the floor five ioads on spans selected fo produce the greatest effect at each
location under consideration. It shall be permitted to reduce floor live loads in accordance with
Section 1607.9 .

1607.11 Roof loads.

The structural supports of roofs and marquees shall be designed to resist wind and, where
applicable, snow and earthquake {oads, in addition to the dead load of construction and the - -
appropriate live loads as prescribed in this section, or as set forth in Table 1807.1 . The iive loads
‘acting on a sloping surface shall be assumed to act vertically on the horizontal projection of that
surface.

1607.11.1 Distribution of roof loads.

Where uniform roof live loads are invoived in the design of structural members arranged so as
to create confinuity, the minimum applied loads shall be the full dead loads on ali spans in
combination with the roof live loads on adjacent spans or on alternate spans, whichever
produces the greatest effect. See Section 1607.11.2 for minimum roof tive loads.

live
1607.11.2 Minimum roof live joads, ‘
Minimum roof loads shall be determined for the specific condifions in accordance with Sections

1607.11.2.1 through 1607.11.2.4 .

1807.11.2.1 Flat, pltched and curved roofs.

Ordinary flat, pitched and curved roofs shall be designed for the live ioads specified in

the foliowing equation or other controiling combinations of loads in Section 1605 ,

whichev+er produces the greater load . In structures where special scaffolding is used

as a work surface for workers-and materials during mairitenance and repair operations, a

lower roof load than specified in the following equation shall not be used unless

approved by the bullding, official. Greenhouses and screen enclosures shall be designed -

http://ecodes.iccsafe.org/icce/gateway. dll/Flonda%ZOCustom/Bu11d2004 FL/320/3277f=tem... 12/31/2007
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318/318R-98
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cog@

live loads, or related internal moments and
torces

roof five load, or related internal moments and
forces

maximum moment in member at stage deflec-
fion is computed, in.-b

cracking moment, in.-lb. See 8.5.2.3

nominal axial load strength at batanced strain
conditions, Ib. See 10.3.2

nominal axial load strength at given eccentric-
ity, b

rain load, or related internal moments and
forces

snow load, or related internal moments and .

forces

cumulative effect of temperature, creep,
shrinkage, differential settlament, and shrink-
age-compensating concrete

required strength to resist factored loads or
related intarnal moments and forces

wind load, or related internal moments and
forces

weight of concrete, /3

distance from centroidal axis of gross section,
neglecting reinforcement, 1o extreme fiber in
tension, in.

ratio of flexural stiffness of beam section to
flaxural stiffness of a width of slab bounded
laterally by centerlines of adjacent panels (it
any) on each side of beam. See Chapter 13
average value of a for all beams on edges of a
panel :

ratio of clear spans in long to shor direction of
two-way slabs

nat tenslle strain in extreme tension steel at
nominal strength

multiplier for additional long-term deflection as
defined in 9.6.2.5

fime-dependent factor for sustained ioad. Ses
9.5.2.5

ratio of nonprestressed tension reinforcement,
Ag/bd

reinforcement ratio for nonprestressed com-
pression reinforcement, Ag'/bd

reinforcement ratio producing balanced strain
conditions. See 10.3.2

strength reduction factor. See 9.3

9.1 — General

8.1.1 — Structures and structural members shall be

designed to have design strengths at all sections at

least equal to the required strengths calculated for the

factored loads and forces in such combinations as are
- stipulated in this code.

R-8

CHAPTER 9

’)MMENTARY

ATTACEMENT B
(SHEET 2 of 3)

The definition of net tensile strain in 2.1 excludes siraing
due to effective prestress, creep, shrinkage, and tsmperature.

R9.1 — General

In the 2002 code, the load factor combinations and strength
reduction factors of the 1999 code were revised end moved
to Appendix C. The 1999 combinations have beep replaced

with those of ASCE 7-98.%'! The strength reduction factors
were replaced with those of the 1999 Appendix C, except.
that the factor for flexure was increased,

PAGE 39
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ATTACHMENT B
(SHEET 3 of 3)

COD'

9.1.2 — Members also shall meet ali other raquire~
ments of this code o ensure adequate perfarmance at
service load levels.

8.1.3 — Design of structures and structural members
using the load factor combinations and strength reduc-
tion factors of Appendix C shall be permitted. Use of
load tfactor combinations from this chapter in conjunc-
tion with strength reduction factors of Appendix C shall
not be permitted,

9.2 — Required strength

9.2.1 — Required strength U'shall be at ieast equal to
1 the effects of factored loads in Eq. (8-1) through (8-7).
The effect of one or more loads not acting simulta-
neously shall be investigated.

U=1.4(D+F) {e-1)
Us12(D+F+ TN+ 18(L+ H) (82
+0.5(L,or Sor A)

U=1.2D+1.6(L.0r Sor R) + (1.0L or 0.8W} (8-3)

U=1.2D+1.6W+1.0L+0.5(L,or Sor R) (9-4)

U=1.2D+1.0E+1.0L + 02§ (9-5)
 U=0.9D+16W+1.6H (9-6)
U=0.8D+ 1.0E + 1.6H (8-7)

excapt as follows:

(8) The load factor on L in Eq. (8-3) to (9-5) shall be
permitted to be reduced to 0.5 except for garages,
areas occupied as places of public assembly, and all

areas where the live load L is greater than 100 lb/it2.

318/316R-97
@MMENTARY

The changes were made to further unify the design pro-
fession on one set of load factors and combinations, and to
facilitate the proponioning of concrete building structures
that include members of materials other than concrete,
When used with the strength reduction factors in 9.3, the
designs for gravity loads will be comparable to those
obtained using the strength reduction and load factors of the
1999 and earlier codes. For combinations with lateral loads,
some designs will be different, but the results of either set of
load factors are consjdered acceptable.,

Chapter 9 defines the basic strength and serviceability con-
ditions for proportioning structural concrete members,

‘The basic requirement for strength design may be expressed
as follows:

Design Strength 2 Reguired Strength
¢ (Nominal Strength) 2 U

In the strength design procedure, the margin of safety is pro-
vided by multiplying the service load by & load factor and
the nominal strength by 2 strength reduction factor.

R9.2 — Required strength

The required strength U is expressed in terms of factored
loads, or related internal moments and forces. Factored
foads are the loads specified in the general building code
multiplied by appropriate load factors.

. The factor assigned to each load is influenced by the degree

of accuracy to which the load effect usually can be calcn-
lated and the variation that might be expected in the load
during the lifetime of the structure. Dead loads, because
they are more accurately determined and less variable, are
assigned a lower load factor than live loads. Load factors
also account for variability in the structural analysis used to
compute moments and shears. :

The code gives load factors for specific combinations of
loads. In assigning factors to combinations of loading, some
consideration is given to the probability of simultaneous
oceurrence. While most of the usual combinations of load-
ings are included, the designer should not assume that all
cases are covered.

Due regard is to be given to sign in determining U for com-
binationis of loadings, as one type of loading may produce
effects of opposite sense to that produced by another type.
The load combinations with 0.9D are specifically included
for the case where a higher dead load reduces the effects of
other Joads. The loading case may also be critical for iension-
controlled column sections. In such a case, a reduction in
axial load and an increase in moment may resull in a critical
load combination.
PAGE 40
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| ATTACHMEXT C
o (SHEET 1

ACl 347.2R-05

Guide for Shoring/Reshoring of
Concrete Multistory Buildings

Reported by AClI Committes 347
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.uonmamesnonme OF CONCRETE MULTIST UILDINGS 3472R-11

ATTACHMENT C
(SHEET 2 of 2)

1) Three levels of reshores.
2) Two levels of reshores.
Shore/reshore material: Douglas fir larch, construction

grade,
Shore/reshore size: 4 x 4 in., S48, (100 x 100 mm) posts.
Modulus of elasticity of wood (base value):
E,, = 1500 ksi (10.34 x 10° MPa).
» Compressive strength of wood paralle] to grain (base
value):
F, = 1650 psi (11.37 MPa).

L d

e. Construction loads
Slab self weight: 112.5 Ib/fi? (5.39 kPa).
Live load during placement: 50 In/fe? (2.4 kPa),
Form and shore load: 6.5 Ib/fe (0.31 kPa).

f. Construction weather conditions
«  Hot weather; assume average daily concrete curing
temperature of 80 °F (26.7 °C).
»  Mild weather: assume average daily concrete curing
temperature of 60 °F (15.5 °C).
+ Cold weather: assume average daily concrete curing
tcmpersature of 40 °F (4.4 °C).

g. Construction rate scenarios

One floor per week.

e floor every 10 days.

One fioor per two weeks.

Reshores are relocaied one day before placing 2 new
- floor slab. ,

Though the one floor per week rate does not provide
_ enough time to recover the forming material from the

floor below to instal] it above the floor, it can be

assumed that & second sel of forms is available atthe site .

to achieve this rate of construction. An alternate will be
to adjust the concrete mixture proportion, concrete

curing temperawre, or both, 10 achieve faster concrete .

strength development, and therefore, quicker stripping
ume.

5.1.2 Construction load distribution—The construction
load distribution between the concrete slabs and the shoring/
reshoring system is evaluated by using the simplified
method. Though this exampie utilizes a wood shoring/
reshoring system, it is assumed that the compressibility of
the shoring/reshoring system does not significantly impact
construction load redistribution, The results of the shoring
system using ori¢ shore Jevel in combination with three
reshore levels are shown in Table 5.1. A similar construction
load distibution table can bé developed for two reshore
levels. Note that Table 3.1 can also serve as a basis for the
construction load distribution for this example, because the
sum of the assumed live load and form weight is the same.

Tabie 5.1 shows that the maximum slab load first occurs
on the fourth floor slab during the placement of the fifth floor
slab (see Step No. 9). The fifth floor is the first floor level to
be piaced after the reshores have been removed from the first
floor, thus removing the direct path of the construction Joad
to the ground. The maximum slab load is repeated for aif the
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Fig. 5.]—Two-way construction example building,

floors above the fifth level every time the shoring system is
installed at the active leve! and the new slab is placed. The
maximum slab construction load is 1.38D, or 155 Ib/fi?
(7.42 kPa), for the three reshore system, and 1.5D, or 169 Ib/fr?
(8.09 kPa), for the two reshore system.

The maximum shoring and reshoring construction load
occurs during the placement of the top floor Jevel. This load
includes the slab seifweight of 112.5 Ib/fe? (5.39 kPa), the
form weight of 6.5 1b/ft? (0.31 kPa), and the construction live
load of 50 Ib/ft? (2.4 kPa) during the concrete placement. The
maximum shore/reshore construction load is 1.5D, or 169 Ib/t?
(8.09 kPa), for both the three- and two-reshore system.,

Both the upper shoring level and all the reshore levels
carry the same maximum construction load as long as the
shoring/reshoring system is supported on the ground, After
the removal of the lowest level of reshores from the ground,
the maximum applied construction toad on the reshores
becomes less at the lower reshored levels and increases at the
upper reshored and shored levels. Therefore, the lower
reshored levels will require fewer reshore posts than the
upper floors.

According to the simplified method, the construction
loads are distributed between the supporting slabs in propor-
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ATTACHMENT D
Tim Erazier (SHEET 1 of 2)

From: Schell Rouhi [srouhi@scg-at com]

Sent:  Tuesday, October 30, 2007 11:43 AM

To: Tim Frazier

Subject: RE: Berkman Plaza Il: RFA 007 Parking Garage Shoring

-Correct
Thanks

SoheiRouhipE e e e e,
From: Tim Frazier [maﬂho:tfrazier@syne:gysb'ucwral.mmj

Sent: Tuesday, October 30, 2007 9:46 AM

Ta: Sohell Rouhl

Cec beardgary@beusouth.net; Mike Moris

Subject: RE: Berkman Plaza 1I: RFA 007 Parking Garage Shoring

Scheil,

They are beginning to remove shoring at the garage. Per your emal! below | ]Usfwanted to clarify that the areas
you are raquesting to stay shored all the way to the ground are only the bays where the repair is required, not the
entire garage correct?

Thanks

Timothy G. Erazier I, PE.
Executive Vice Prasident
Synergy Structural Engineering

904-396-9100 (Office)
- 904-955.4764 {Mobile)

From: Soheil Rouhi [mailtn:smuhi@scg-atl.mm]

Sent: Friday, August 31, 2007 6:01 PM

To: Kirk Gibert; Mike Morris; David English

Ce: rshah@pucdmo-mgl!sh.com; Tim Frazier; Paul Dionne; Robert Stewart; beardgary@belisouth. net
Subject: RE; Berkman Plaza 1I: RFA 007 Parking Garage Shoring

As long as the shores stay in place | will not have any problern continuing the project
Thanks

Schall Rouhi P E

PR Lt o b reme sty wrus o 0o

. From: Kirk Gilbert [ma!ltc:l(Gilbert@d’mateco.mm]
Sent: Friday, August 31, 2007 2:15 pPM
Ta: Mike Morris; ‘David Engiisit; Sohell Rouhi .
Ce: rshah@pucciano-english.com; tffaller@synefqywucturai.mm; Paul Dionne; Robert Stewart;
besrdgary@belisouth net
Subject: Berkman Plaza II: RFA 007 Parking Garage Shoring
Importance: High

Please see attached RFA 007 conceming the Parking Garage. Two solutions have been procured by Mike and
we will formally submit them next week. We would like to proceed with the Garage construction so as to allow
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. ATTACHMENT D Page 2 of2
(SHEET @t 2)

adequate review of the proposed solufions without delay to progress Thank you for any urgency in reviewing and
. fesponding to this request. .

Kirk Gilbert

Project Manager

Choate Construction Comnany

101 Wast Mulbeny Boulevard, Suite 200
Pooler, GA 31322

office - (812) 750-0011

fax - (812) 780-0010

1/4/2008 PAGE 44

R-8 OSHRC Docket #08-0866 45 of 49



® ® ‘smimiors

N Synergy

/\ Steuctural FIELD REPORT
| uc THRESHOLD BUILDING INSPECTION
' 'n‘ngneermg o
Projec: ‘ Berkman Plaza Tower ll Repost Number: 229
PrOcht No: Dé6-Harbor-0! Cliﬂm.: 7 .wwn'c&' e Page Number: t of 4
Weather: 76°F, Sunny Time: | 11:00 AM Date: November 14, 2007
Others Preseat: | grie Cannon (SSE)

OBSERVATIONS:

Purpose of the Trip: To observe the following:

I.  General fit-up and reinforcing of the following walis on the 5* floor of the garage: SW-2 at
GA-G4 and Stairwell #1 walls at GA-G2

2. The followmg cracks that have occurred in the Garage:
" The crack in the 3" floor siab at the slab/stairwell 1 wall interface at G2-GB.
The crack in the 4® floor siab at the siab/stairwell | wall interface at G2-GB.
The crackat the bottom of the 3™ fioor siab that exténds from the southeast
comer of stairwell #1 east along GB.
o The crack on the 3" ficor siab that begins at the intersection of the SB-
S/column interface at GC~G3 and extends north along the bottom of the slab,

3. General layout and heights for the banded and uniform tendons on the | 7™ floor of the tower
between grid lines | & 17,1 (Pour 17A).

Qbservations: The following was observed:
1. Sesthe attached punchlist for specific items observed and noted.

7 |Archiseet; {Puecieno & Enghish, . [Devid A. Englsh, AIA
v [Contenusaion Administrator: |Harbor Contrciing Co. ins. {Rod Henion
v JOwmrn Harbor Contracting Co., (ne. {Alien Travis
L
« [Contracior: {Chote Consmruction Kirk Cifoert
 |Building OﬁmL City of Jscksonville |James Shoek
A d.andmue M’h“w‘ : . ‘ Tomothy G. Ftazwr PE ,
/ Sym:m' Stm:tuml hnglmnnu ch . ‘ ' PE # 59321 Sl#: 7017305 X
"Field Representative:  Timothy G. Frazier. P.E , Reviwi by~ T
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. ATTACHMENT E
@ smEriory

A Synergy ’
/ \ S tural FIELD REPORT
tructura THRESHOLD BUILDING INSPECTION
Engineering ,
., {
Project: | Berkman Plaza Tower II Report: 229
Project: O6-Harbor-01 | Ficld Representative: | Timothy G. Frazier, PE. | Page: 2 Lor| 4
CAST-IN-PLACE CONCRETE:
Location:
ftem #1 Item #2 Jtem #3
From From From
Page 1 Page | Page |
liem: Yes No Yes No Yes No Yes No Yes No
Forming: N/A N/A N/A
Shoring/Re-shoring: N/A N/A N/A
Reinforcement Size: v N/A v
Reinforcement Spacing: L, N/A v
Reinforcement Condition: v/ N/A 7/ : *
Reinforcement Clearance: N/A N/A 3. -
Reinforcement Lap Splices: 7/ N/A v
Reinforcement Dowels: v/ N/A v
| Other: N/A 2, NA
Embeds: NA N/A N/A
“Peneusions: NIA N/A N/A
Screeds: N/A N/A N/A
General Appearance; v 2. 7/
Sequence
See Concrete & Grout Deliveries N/A NA N/A
Notes Referring to Deficiencies by Number:
~ N/A =Nat Applicable
1. This wall was completed except for the extension that extends south along G4 to carry the precast panel, see RFI 135.
This section of wall will be observed during the next site observation.
2. See pages 3 & 4 for specific notes on these cracks.
3. Multiple tendons did not have the required clearances per the approved PT shop drawings. These tendons
heights will be observed during the next site observation,
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ATTACHMENT E
(SHEET 3 OF 4)

Synergy
Structural
Engineering

FIELD REPORT .
THRESBOLD BUELDING INSPECTION

Pro;cct Bcrkman Plaza r owerll !‘ Reporm:

R \-l - onte

' Project: OG-Harbor-Ol Fncld R:prescmauvc ; Timomyo Frum, PE
' ' T Puo'ros-

2 Page:

fgu'ra ? -—Crack in the 4"‘ ﬂnor slxb at'the slablsmnvqll 1 wall
mter&cc at G2-GB. Th:s crack- was ‘measured to* ‘be . F127 -

F‘igure 4~ The crack at the bortom of the 3rd floor slab thaf
extends from the southeast corner of stairwell #{ east along GB
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. ATTACHMENT E
(SHEET 4 OF 4)

Synergy FIELD REPORT
Structural : THRESHOLD BUILDING INSPECTION
Engineering.

— . N o~ o

Project: " Berkman Plaza Tower I} ‘ L T :

 Project: .- 06-HarborDI

_ Report; :

[Py SRR

_ Field Representailve: “Fimothy G. Frazier, BE.  Page:

PHOTOS:: -
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MOHAMED AYUB,
having been first duly sworn, was

examined and testified as follows:

JUDGE WELSCH: Sir, for the record, would you

state your full name, spell your last name and state

your address, please?

THE

It

WITNESS: Mohamed Ayub, that's the last
.C

's spelled A-y-u-b. My address is%

S 52(b)(

JUDGE WELSCH: Thank you, sir.

Mr. Steffenson?

MR. STEFFENSON: Thank you, Your Honor.
~--00o---

BY
Q.
A.

© » o0 ¥ O ¥

REBUTTAL DIRECT EXAMINATION
MR. STEFFENSON:
Mr. Ayub, who are your currently employed by?
The US Department of Labor, OSHA.
And, what is your current position?
Director, the Office of Engineering.
And, how long have you held that position?
Fifteen years.
For how many years have you worked for OSHA?
Nineteen.

What did you do for the other four years?

CARLIN ASSOCIATES (216) 226-8157



