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INTRODUCTION

Contract documents for construction of the twin 28-story
office towers of Scotia Place located in downtown Edmonton,
Alberta included a requirement to monitor deflections of the
concrete two-way slab floor system both during and after
construction. As a result, a valuable data base was established
to provide needed information on the response of floor systems to
construction loads and long time sustained loads.

This report provides a summary of the data obtained from the
deflection surveys of the south tower. In addition, results of a
finite element analysis of the slab system are presented and

compared with the measured data.

BUILDING DESCRIPTION

The complex consists of two towers, one 28 storey and one 20
storeys in height. Each tower has an identical L-shaped floor
plan for floors 8 through 28 as shown in Fig. 1. The floor
system consists of a 200 mm thick two-way flat slab with 150 mm
drop panels and 1520 x 1520 mm column capitals. Columns are
spaced at 9000 mm on center. Reinforcement details are given in
Appendix A.

For purposes of this study the slab panels are categorized
according to the boundary conditions along each side of the
panel, and panel reinforcement details. Panel types designated

A, B, C, D, and E are identified in Fig. 1. The triangular-



E F G H J
9000 TYP
———————————3
A
- N
>
-
o
B Q
o]
o
1
Fig. 1. Floor Plan - Levels 8 through 28




shaped panels were not included in the study.

CONSTRUCTION SCHEDULE

Construction of Floors 8 to 28 of the south tower took place
between May 1981 and October 1981. The floors were constructed
using a system of shoring and re-shoring. Floors were placed at
a rate of approximately one per week. In general each floor was
placed with 2 levels of shores and two levels of re-shores. The

construction schedule is outlined in Appendix B.

CYLINDER COMPRESSIVE STRENGTH TESTS

Specified 28-day cylinder compressive strength was 30 MPa
for the floor slabs. For each floor a series of standard 100x300
mm cylinder compressive strength tests was made at

a) 2 to 5 days

b) 7 days

c) 28 days.

Compressive strengths obtained from job records are listed
in Appendix C. The results for 7 and 28 days are summarized in
Fig. 2 in the form of histograms. The mean strength at 28 days

was 34.93 MPa with a coefficient of variation of 12.6 $ and range

of 96.0 MPa to 45.4 MPa.
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SLAB DEFLECTION MEASUREMENTS

Slab deflections were measured both during construction and
at approximately one year after completion of construction.
Measurements were made on each slab during the period in which it
was subjected to loads from slabs above through the shores and
re-shores. |

Deflection measurements were made using standard level
surveying techniques. A bench mark was established on each
floor. Level readings were taken at mid-panel, at mid-span
between columns, and adjacent to columns. Mid-panel and mid-
column strip deflections were then established relative to the
slab elevation at adjacent columns. Measurements were taken at
each shored and re-shored level immediately after forms were
stripped from the top slab.

Mid-panel slab deflections were obtained from the job
records and are tabulated in Appendix D. Figures 3 and 4 show
the deflection vs. time plots for panel types A and B
respectively. Also included in the plot are the average measuréd
deflections at each stage of construction and at one year after

construction.

DEFLECTION STATISTICS

Slab deflection statistics at one year were developed from
the tabulated measurements for the slabs of the south tower.

These deflections were not all measured at precisely one year
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after form removal. The "one-year deflections" actually
represent measurements taken within the range of 278 days to 417
days. The plots shown in Figs. 5 though 9 illustrate that

although there appears to be a slight tendency towards increase

.of deflection with time during the measurement period there is

much more variation between individual slabs within the time
period considered. It is therefore considered to be reasonable
to lump all measurements together as one-year deflections.
Histograms of measured one-year deflections are plotted in Figs.
IQ through 12 for slabs A through E of the south tower. The
statistics for these slabs are summarized in Table 1. The mean
one-year deflection ranges from 32.53 to 35.05 mm while the

coefficient of variation ranges from 24.8 to 31%.

FINITE ELEMENT ANALYSIS

Deflections were computed for a typical corner panel using a

(1)

version of the general purpose computer program SAPIV
modified to incorporate effects of cracking.(Z) Effects of

construction loading and time dependent effects were included

(2)

using the following procedure suggested by Graham and Scanlon .

(1) Calculate the maximum deflection, A due to

max’

construction load. The applied load is calculated from:

w (2)(wD)(1.1) + construction live load

2(4.709)(1.1) + 2.4/4

10.97 kPa
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Table 1 Statistics of One-Year Slab Deflections
for the South Tower

Slab Type A B c D E

No. of Data Points 20 40 41 21 20
Mean Deflection (mm) 34.45 32.53 35.24 33.43 39.05
Standard Deviation 9.50 9.72 8.76 10.58 10.34
Coeff. of Variation 27.6 29.9 24.8 31.7 26.5 |

Range (mm) 32 35 40 36 52
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Cracking is accounted for in the analysis using Branson's
effective moment of inertia. The modulus of rupture must be
specified. 1In this study, three values were considered.

a) £, = 7.5/ psi (0.6/f] MPa)

b) £ = 4/f_'c- psi (0.32/F] Mpa)

c) £, = 2/?2 psi (0.16/?2 MPa)

Case a) represents the value specified in the ACI Code(3).
Cases b) and c) are reduced effective values to account for
additional cracking due to restraint of shrinkage.(2'4)

(2) The maximum deflection, Apax’ is scaled to the sustained

load level, assumed in this study to be dead load + 20% live

load, to obtain the immediate deflection due to sustained load,

sustained load

A = A : : :
max maximum load during construction

SL

(3) Deflection at one-year is multiplied by a long-time
multiplier, as recommended in Ref. 2. The long time multiplier
depends on the value assumed for modulus of rupture. Graham and
Scanlon recommended a multiplier of 4.25 for f,. = 7.5/?2 psi
(0.6/?2 MPa), and a multiplier of 3.00 for f_ = 4/?2 psi
(0.32/?2 MPa). No value was suggested for £, = 2/?2
(0.16/?Z Mpa). For this last case a multiplier of 2.75 was
selected. The variation in value of multiplier occurs because
both creep and shrinkage warping effects are lumped together.
While the total shrinkage warping deflection is assumed to be

independent of degree of cracking, immediate + creep deflection

is signficantly affected by the degree of’cracking.(z)



>W

Calculated deflections are summarized in Table 2 and
superimposed on the deflection-time plots for panel types A and B
shown in Figs. 3 and 4. It can be seen that the calculated
deflections corresponding to 4/?2 psi (O.32/f€ MPa) modulus of
rupture are close to the mean values, while the calculated values
for 7.5/?2 (0.6/?2) and 2/?2 (0.16/?2 ) psi (MPa) are closely
related to the lower and upper ranges of measured deflection

respectively.

SUMMARY AND CONCLUSIONS

This report presents results of a survey of field measured
deflections for a 28-story office tower. Mean deflections at
approximately one year after construction ranged from 32.5 to
39.1 mm with coefficients of variation ranging from 24.8 to 31.5%

Calculated deflections based on a finite element analysis
provided good estimates of the range of deflections for a typical
slab panel, depending on the modulus of rupture assumed in the

analysis.
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Table 2 Calculated Deflections

Bpax (mm) bgy, (mm) A (one year) (mm)
f. = 7.5/fé psi 10.2 5.0 21.1
fr = 4/ é psi 21.9 10.7 32.0
fr = 2/ C': psi 36.2 17.5 48 .4
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APPENDIX A

REINFORCEMENT DETAILS
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Construction Schedule: South Tower

Floor Number Date Concrete Placed

Main March 21, 1981

2 March 31, 1981

3 April 15, 1981

4 May 1, 1981

5 May 9, 1981

6 May 15, 1981

7 May 22, 1981

8 May 30, 1981

9 June 5, 1981

10 June 12, 1981

11 June 19, 1981

12 June 25, 1981

13 July 2, 1981

14 July 9, 1981

15 July 17, 1981

16 July 17, 1981

17 August 4, 1981

18 August 11, 1981

19 August 15, 1981

20 August 21, 1981

21 August 28, 1981

22 September 4, 1981
23 September 12, 1981
24 September 19, 1981
25 September 25, 1981
26 October 1, 1981

27 October 9, 1981

28 . October 16, 1981



APPENDIX C

COMPRESSIVE STRENGTH TEST RESULTS
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Table C1 continued

Floor
Number

Age at Testing (Days)

4

5

28

Remarks

13

19.8

22.6

25.0
24.7
22.5

31.5
31.4
29.9
30.2
31.3
29.5
34.6
32.8

14

14.8

28.9
28.8
29.5
31.4
29.8
29.7
30.4
33.5

15

13.5

27.8

26 .6

28.0
27.9
26.0
26.3
27.5
29.4

16

17.5

20.6

21 '0.

20.8
19.3
20.6

26.5

34.8
34.0

17

20.6
26.3

21.8

33.9
33.7
32.0
36.5
35.4
31.6
31.4
39.0
38.2

Continued ...



Table Cl continued

Floor Age at Testing (Days) Remarks
Number 2 3 4 5 7 28
23.1 24.7 27.0 35.2
24.1 25.2 25.3 34.8
25.9 34.8
18 24.9 31.9
32.8
33.8
35.1
35.4
19.8 18.9 21.7 23.6 29.3
22.0 23.8 29.8
22.0 28.9
19 23.8 29.5 2 days initial
27.4 cure
26.9
29.7
31.5
17.4 19.2 21.9 30.1
23.5 28.7
24.7 30.2
20 29.9
28.0
30.9
32.1
16.7 19.2 24.8 33.6
24.2 33.2
21 25.7 32.3 (34.0 @ 35
32.1 days)
34.8
34.3
17.9 24.3 24.1 27.9 38.2
28.5 38.0
28.3 36.8
22 29.5 35.0
36.4
35.3
38.5
36.3

Continued ...



Table Cl continued
Remarks
28

Age at Testing (Days)

Floor

Number
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Table Cl continued

Floor Age at Testing (Days) Remarks
Number 3 4 5 7 28
16.2 22.0 25.3 28.2 39.3
26.8 37.8
28 26.5 31.0
33.6
31 .3
32.4
No. of 72 157
Values
Mean 25.61 34.93
Standard 2.91 4.40
Deviation
Coeff. of 11.4% 12.6%
Variation
Range:
From 16.9 26.0
To 29,7 45.4



APPENDIX D

MID-PANEL DEFLECTION MEASUREMENTS
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