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Via email: djohnson@thayerassociates.com 

 

December 27, 2023 

 

Dwight Johnson 

Senior Vice President 

THAYER & ASSOCIATES 

1812 Cambridge Avenue 

Cambridge, MA 02140 

 

 

RE: FLOOR SLAB GPR AND STRENGTH REVIEW – RIVERVIEW CONDOMINIUMS – 221 MT. 

AUBURN ST., CAMBRIDGE, MA 

 

 

Dear Mr. Johnson, 

 

Per your request, Thornton Tomasetti, Inc. (“TT”) has performed an evaluation of a typical 

reinforced concrete flat plate floor slab for strength at the Riverview Condominium building located 

at 221 Mt. Auburn St., Cambridge, MA. We performed representative ground penetrating radar 

(“GPR”) scans on the 7th Floor within Unit 705 to determine the as-built slab thickness and steel 

reinforcement (“rebar”) depths and spacings. We also reviewed material testing data and GPR 

scan data obtained by Simpson Gumpertz & Heger (“SGH”). Additionally, we gathered structural 

information from existing structural drawings entitled “Riverview Apartments,” dated 12/14/1961, 

and prepared by Nichols, Norton and Zaldastani Consulting Engineers. To TT’s knowledge, 

existing rebar shop drawings are not available for review. Finally, we performed structural analysis 

to determine the flexural and punching shear demand-to-capacity ratios (“DCRs”) of a 

representative area of the 7th Floor slab within Unit 705 considering the as-built slab conditions. 

Our analysis covered the floor slab at the exterior balcony and the interior column bays (Figure 

1). Our code-based evaluation determined that the slab has adequate flexural strength but 

inadequate punching shear strength considering the as-built slab conditions (excluding the as-

built concrete compressive strength). 
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Figure 1. Part plan view of 7th Floor slab indicating representative area evaluated for strength. 

 

BUILDING DESCRIPTION 

 

The Riverview Condominium building is an 8-story, reinforced concrete structure with flat plate 

floor slabs, constructed circa 1961. The existing structural drawings indicate that the building is 

52’-6” long x 231’-6” wide x 101’-9” tall. Gravity loads are carried by the flat plate floor slabs 

through two-way action to the rectangular reinforced concrete columns, which transfer the load 

down to the foundations. The foundations consist of reinforced concrete pile caps on piles. The 

lateral force resisting system (“LFRS”) in the north-south (short) direction consists of reinforced 

concrete shear walls. The existing structural drawings suggest that the LFRS in the east-west 

(long) direction relies on frame-action between the floor slabs and columns. 

 

The existing structural drawings indicate that the elevated floor slabs have thicknesses ranging 

between 5 ½” - 7 ½” thick. Each elevated floor, excluding the roof slab, has a 6’-3” long 

cantilevered balcony slab extending out from the south face of the building along Grid Line B. The 

top and bottom slab rebar is specified as either #4 or #5 rebar with horizontal spacing ranging 

between 5”-12”. 
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The 7th Floor slab is specified to be 7 ½” thick. The drawings indicate that the top of the balcony 

slab linearly pitches away from the south building face such that the slab thickness reduces to 6 

½” at the balcony edge along Grid Line A. 

 

The existing structural drawings indicate that the typical rectangular concrete columns are 16” 

deep x 12” wide. The columns along the north face of the building along Grid Line E are 14” deep 

x 12” wide. The drawings do not indicate any drop panels where the floor slabs connect to the 

columns. 

 

GPR SCANS 

 

TT conducted a site visit on 12/06/2023 to visually review the general floor slab conditions and to 

observe the overall building characteristics. We implemented multiple GPR line scans along the 

topside of the 7th Floor slab. Representative photos from our site visit are shown in Appendix A. 

The general locations and results of our GPR scans are summarized in Appendix B. 

 

Our scans indicate that the interior slab thickness ranges between 7 1/8” – 7 ½”. We field 

measured the edge of balcony slab to be 7 ½” thick instead of 6 ½” thick, suggesting that the as-

built condition of the balcony slab does not have a pitched surface per the existing drawings. 

 

The scans show that the top and bottom rebar horizontal spacing ranges between 5” - 12”, and is 

generally in conformance with the existing structural drawings. GPR does not allow for detecting 

the rebar diameter; therefore, we relied on the existing structural drawings for the rebar size. 

 

We identified several areas where the as-built top rebar depths are set lower than specified in the 

existing structural drawings. The existing drawings specify slab rebar to have 1” minimum 

protective cover. This implies that the top rebar should be nominally set at a depth of 1” plus half 

the rebar diameter with respect to the top of slab. Based on our scan data, the as-built top rebar 

depths are set much lower, between 3”-4” deep. The placement of the top rebar is essential for 

the slab strength at negative bending moment regions in the vicinity of columns. The depth of the 

top rebar also effects the slab punching shear strength at the columns. Top rebar that is set lower 

in the slab generally reduces both the slab negative flexural strength and the punching shear 

strength. 

 

Our scans show that the bottom rebar depths are set between 5 ½” – 6 ¼” deep with respect to 

the top of slab. The existing structural drawings imply that the bottom rebar should be nominally 

set at a depth of 1” plus half the rebar diameter with respect to the bottom of slab. The as-built 

bottom rebar depths would be generally acceptable for the bottom rebar placement. The 

placement of the bottom rebar is important for the slab strength at positive bending moment 

regions between columns. 
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The as-built slab conditions are summarized in Figure 2 for a typical section of the 7th Floor slab. 

 

 
Figure 2. Typical section of 7th Floor slab indicating as-built conditions. 

 

Our GPR scan data, including slab thickness, rebar depth, and rebar spacing, is generally in 

agreement with the GPR scan data obtained by SGH at the 7th Floor exterior balcony slab. 

 

SLAB ANALYSIS 

 

TT performed structural analysis of the 7th Floor slab within Unit 705 based on the existing 

structural drawings and the as-built slab conditions obtained from our GPR scans and SGH’s 

material testing data. We performed the analysis in accordance with Massachusetts Building 

Code, CMR 780, 9th Edition adapting the 2015 International Building Code (“IBC”) and ACI 318-

14 Building Code Requirements for Structural Concrete, as this is the current code for 

Massachusetts as of the date of this letter report. We performed the analysis following the Load 

and Resistance Factor Design (“LRFD”) methodology. 

 

Elastic strip methods for two-way slabs are conventionally used to analyze the lower-bound slab 

capacity. It is known that elastic strip methods are inherently conservative for capturing the true 

behavior of two-way slabs. This is because elastic methods do not fully account for the two-way 

redistribution of internal slab forces from negative moment regions to positive moment regions as 

the slab begins to crack and exhibits stiffness reductions at the negative moment regions. The 

slab will form plastic hinges (yield lines) along a pattern that tends to minimize the potential energy 

of the slab as the gravity loading on a two-way slab approaches the maximum possible magnitude 

(i.e., ultimate load). This plastic slab behavior can be evaluated using yield line analysis to 

determine the upper-bound slab capacity. 
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Elastic Analysis Methods 

 

We first analyzed the slab in accordance with two versions of elastic strip methods for analyzing 

two-way slabs. We evaluated a representative column strip along Grid Line 13 by modeling the 

column strip as a 2-D frame using the structural analysis software CSi SAP2000 in the first 

method. (See Appendix C). Next, we evaluated a representative slab area bounded by Grid Lines 

A-E:11-16 by modeling the slab using the structural analysis software CSi SAFE in the second 

method. (See Appendix D). We obtained the slab internal flexural and shear forces for 

comparison to the slab flexural and shear strength, respectively, from both methods (DCRs). The 

slab strength was calculated following ACI 318-14, the existing structural drawings, and the as-

built slab conditions. 

 

Table 1 below lists the service-level gravity loads assumed in our analysis. 
 

Table 1. Gravity loads acting on the 7th Floor slab. 

Gravity Load Magnitude 

Superimposed dead load (SDL) 15 psf 

Concrete slab self-weight (DL) 150 pcf 

Live load (LL)1 60 psf 
1. Based on existing structural drawings “Riverview Apartments,” dated 

12/14/1961, and prepared by Nichols, Norton and Zaldastani Consulting 

Engineers. 

 

The analysis considered the following LRFD gravity load combinations following ACI 318-14, 

Section 5.3: 

 

(1) 1.4DL 

(2) 1.2DL + 1.6LL 

 

Table 2 below lists the slab structural properties used in our analysis. Testing data for the as-built 

concrete compressive strength was unavailable. As a result, we considered the 28-day concrete 

compressive strength specified in the existing structural drawings. We used the rebar steel yield 

strength obtained from SGH’s material testing data. 
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Table 2. Structural properties for 7th Floor slab. 

Parameter Value 

Concrete compressive strength1, f’c 3,000 psi 

Rebar steel yield strength2, Fy 40 ksi 

Rebar size1 #4 or #5 

Rebar spacing3 5” or 10” 

Slab thickness3 7 1/8” – 7 ½” 
1. Based on existing structural drawings “Riverview Apartments,” dated 

12/14/1961, and prepared by Nichols, Norton and Zaldastani Consulting 

Engineers. 

2. Based on SGH’s rebar testing data, dated 06/27/2023. 

3. Based on TT’s GPR scan data (Appendix B). 

 

The elastic strip methods determined that the slab has inadequate negative flexural strength at 
three locations along the representative column strip when considering the as-built slab conditions 
(Figure 3). Of note, the cantilevered balcony slab has sufficient negative flexural strength where 
the slab joins the south column line along Grid Line B. 
 

 
Figure 3. Moment diagram of column strip along Grid Line 13 at 7th Floor showing locations with 

inadequate negative flexural strength. 

 
Punching shear refers to the tendency of a slab to fail by shearing in a radial pattern around the 

column supports due to the applied loads. Per ACI 318-14, punching shear for a rectangular 

column must be checked at the critical section located d/2 from the face of the column, where d 

is the depth of the rebar from the bottom of slab. A fraction of unbalanced slab moment is resisted 

at the columns by flexure and the rest is resisted by shear action. 
 

TT evaluated the punching shear DCRs using CSi SAFE for both the as-designed condition 
according to the existing structural drawings and the as-built condition. Figure 4 indicates the 
slab-to-column connections having inadequate punching shear strength for the as-designed 
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condition. All slab-to-column connections were found to have insufficient punching shear strength 
for the as-built condition. 
 

 

Figure 4. Part plan view of representative area of 7th Floor slab indicating slab-to-column connections 

with inadequate punching shear strength for as-designed condition (highlighted in red). All slab-to-

column connections fail in punching shear for the as-built condition. 

 

Yield Line Analysis 

 

Next, we analyzed the slab using yield line analysis. Per ACI 318-14, commentary R8.2-1, the 

design of slabs may be achieved by yield line analysis after evaluating the stress conditions for 

shear, torsion, and flexure around the supports. The rebar will yield first in regions of high moment 

in yield line analysis for slabs failing in flexure. When that occurs, the yielded slab portion behaves 

as a plastic hinge and resists the force only equal to its plastic strength. The additional load is 

then redistributed to the adjacent regions, resulting in yielding of those sections. The bands in 

which yielding has occurred are known as yield lines. Figure 5 below shows the yield line 

mechanism for a typical interior column bay. The perimeter lines (AB, AC, CD, and BD) represent 

negative moment yield lines and the rest of the lines represent positive moment yield lines. The 

slab portions between the yield lines behave as a rigid plate. 

 



 
 

 

 

RE:  FLOOR SLAB GPR AND STRENGTH REVIEW – RIVERVIEW CONDOMINIUMS – 221 MT. AUBURN ST., 

CAMBRIDGE, MA 

  

December 27, 2023           Page 8 of 10 

 

 
Figure 5. Representative column bay evaluated with yield line analysis. 

 

Note that a yield line analysis uses rigid plastic theory to compute the ultimate failure loads. The 

deflections at the ultimate capacity of the slab may be higher than the serviceability requirements 

and excessive cracks may form at this stage. 

 

TT conducted a yield line analysis for representative interior column bays of the 7th Floor slab 

within Unit 705 (Figure 1) and determined that the slab has adequate capacity for the assumed 

gravity loads. 

 

Rebar Development Length at Cantilevered Balcony Slab 

 

The cantilevered balcony slab has adequate negative flexural strength using the elastic strip 

methods. The balcony slab top rebar must have continuity through the columns along Grid Line 

B, or otherwise have sufficient development length into the column line. The interior column bays 

have sufficient capacity while allowing for the formation of a plastic hinge along the critical section 

at the north face of the columns along Grid Line B using the yield line analysis. TT calculated the 

development length for deformed #4 rebar having steel yield strength of 45 ksi following ACI 318-

14, Section 25.4. We determined that the balcony slab top rebar has sufficient development length 

between the critical section at the south face of the columns along Grid Line B and the critical 

section at the north face of the columns where a plastic hinge is allowed at the interior bays 
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(Figure 6). This demonstrates that there is a load path for the cantilevered balcony slab to remain 

stable while allowing for the interior column bays to form plastic hinges. 

 

 
Figure 6. Development length of balcony slab top rebar passing through column line along Grid Line B. 

 

CONCLUSIONS AND RECOMMENDATIONS 

 

Our code-based evaluation of a representative area of the 7th Floor slab required us to employ 

plastic analysis methods (yield line analysis) to supplement conventional elastic strip methods for 

two-way slabs to demonstrate the adequacy of the slab flexural strength. While the slab has 

sufficient flexural capacity, increased cracking and deflections may be expected. 

 

The slab’s as-built punching shear strength is inadequate using elastic analysis using the concrete 

compressive strength specified in the existing structural drawings. In-situ concrete can increase 

slightly in compressive strength over time. Therefore, TT recommends testing concrete cores 

extracted from the slab for compressive strength. An increase in compressive strength will also 

increase the punching shear strength. TT recommends the following next steps once the in-situ 

compressive strength is determined via testing: 

 

• Perform higher-order nonlinear punching shear evaluation considering redistributed 

unbalanced moments from plastic analysis. 

• Perform evaluation of representative columns along Grid Line B to ensure that the 

columns have sufficient strength to resist redistributed unbalanced moment from the 

cantilevered balcony slab should yield lines form at the interior column bays. 

• Perform deflection analysis (short-term and long-term deflection) for representative areas 

of the floor slabs. Perform moment-curvature analysis to determine the magnitude of 
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rotation that would occur should yield lines form in the slab. These two tasks are relevant 

for serviceability and not life-safety. 

 

Please feel free to reach out should you have any questions or concerns. 

 

 

Very truly yours, 

 

THORNTON TOMASETTI, INC. 

 

 

 

_______________________________  

Lisa A. Davey, P.E. 

Senior Principal 

 

 

_______________________________ 

Sebastian Mendes, P.E. 

Associate 
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SUBJECT:

DATE: REFERENCE:

PROJECT:

BY:

INDICATES GPR
LINE SCAN

FLOOR FINISHES:

WOOD FLOOR = 1/4" THICK

CARPET = 3/16"

CALIBRATED CONCRETE
DIALECTIC CONSTANT = 6.8

SLAB 7
h = 7.15" - 7.25"
s = 5"
rebar depth = 3.65"

SLAB 14
h = 7.60" 
s = 5"
rebar depth = 5.76"

SLAB 13
h = 7.36" 
s = 5"
rebar depth = 5.66"

SLAB 12
h = 7.35" 
s = 5"
rebar depth = 2.35"

SLAB 11
h = 7.15" - 7.25"
s = 4.5"
rebar depth = 2.25"

SLAB 15
h = 7.15" - 7.25"
s = 4.5" - 5"
rebar depth = 1.65"

SLAB 10
h = 7.15" - 7.25"
s = 5"
rebar depth = 2.95"

SLAB 6
h = 7.15" - 7.25"
s = 5"
rebar depth = 3.55"

SLAB 5
h = 7.15" - 7.25"
s = 5"
rebar depth = 6.25"

SLAB 16
h = 7.15" - 7.25"
s = 5"
rebar depth = 5.85"

SLAB 2
h = 7.5" 
s = 5"
rebar depth = 4"SLAB 4

h= 7.5" 
TOP REBAR
s = 8"
rebar depth = 3.5"

BOT REBAR
s = 10"
rebar depth = 5.5"

SLAB 9
h = 7.25"

TOP REBAR
s = 5.4"
rebar depth = 2.85"

BOT REBAR
s = 13"
rebar depth = 5.6"



 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SUBJECT:

DATE: REFERENCE:

PROJECT:

BY:

COLUMN HALF-HEIGHT,
PINNED TOP AND BOTTOM

ACI CRACKING FACTOR = 0.70

UNIFORM GRAVITY LOAD
APPLIED TO SLAB

SLAB COLUMN STRIP
ACI CRACKING FACTOR = 0.25



 

 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



SUBJECT:

DATE: REFERENCE:

PROJECT:

BY:

COLUMNS PINNED TOP AND BOTTOM
ACI CRACKING FACTOR = 0.70

SLAB ACI CRACKING
FACTOR = 0.25











PROJECT: SUBJECT:

DATE:BY:REFERENCE:
SSK-01A

LEVEL 2

CATEGORY 1        DCR > 1.05

CATEGORY 2        DCR ≤ 1.05

LEGEND

NOTE: UNCIRCLED GRID INTERSECTIONS INDICATE
AREAS WITH NO GPR SCANNING DATA PROVIDED
BY SGH.



PROJECT: SUBJECT:

DATE:BY:REFERENCE:
SSK-01B

LEVEL 4

CATEGORY 1        DCR > 1.05

CATEGORY 2        DCR ≤ 1.05

LEGEND

NOTE: UNCIRCLED GRID INTERSECTIONS INDICATE
AREAS WITH NO GPR SCANNING DATA PROVIDED
BY SGH.



PROJECT: SUBJECT:

DATE:BY:REFERENCE:
SSK-01C

LEVEL 6

CATEGORY 1        DCR > 1.05

CATEGORY 2        DCR ≤ 1.05

LEGEND

NOTE: UNCIRCLED GRID INTERSECTIONS INDICATE
AREAS WITH NO GPR SCANNING DATA PROVIDED
BY SGH.



PROJECT: SUBJECT:

DATE:BY:REFERENCE:
SSK-01D

LEVEL 7

CATEGORY 1        DCR > 1.05

CATEGORY 2        DCR ≤ 1.05

LEGEND

NOTE: UNCIRCLED GRID INTERSECTIONS INDICATE
AREAS WITH NO GPR SCANNING DATA PROVIDED
BY SGH.



PROJECT: SUBJECT:

DATE:BY:REFERENCE:
SSK-01E

LEVEL 8

CATEGORY 1        DCR > 1.05

CATEGORY 2        DCR ≤ 1.05

LEGEND

NOTE: UNCIRCLED GRID INTERSECTIONS INDICATE
AREAS WITH NO GPR SCANNING DATA PROVIDED
BY SGH.
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