it JOURNAL e |l

BOSTON SOCIETY |l -
cwu. ENGINEERS il

124 YEARS
1848- 1972

JULY—1972 = NUMBER3 '




FLETCHER granite
| o fr
o Brldgesand Bmldmgs -
 Street and Highway Curbing

 ZSHLAR VENEER>

fo_r ’ _
Bridge Facing - Walls

Lnndmpmg | |

. e
Brochure will be mailed on request

I TR -

" H. E. FLETCHER CO.
| Quarry and Office
WEST CHELMSFORD, 'MASSACHUSETTS 01863

Phone 617-251-4031

Please mention the Journal when writing to Advertisers




JOURNAL OF THE

BOSTON SOCIETY

OF

CIVIL ENGINEERS

Yolume 59 JULY 1972 Number 3

CONTENTS

Shear Wall-Frame Interaction 133
Stephen Chriss

Removal of Agents from Wastewaters with Ozone 151
Jon Marquis Foulds

Proceedings of the Society 160

Copyright, 1972, by the Boston Society of Civil Engineers
Second-Class postage paid at Boston, Massachusetts

Published four times a year, January, April, July and October, by the Society
230 Boylston Street, Boston, Massachusetts 02116

Subscription Price $10.00 a Year (4 Copies)
$2.50 a Copy
All orders must be accompanied by check




BOSTON SOCIETY OF CIVIL ENGINEERS
OFFICERS, 1972 — 1973

President
JAMES P. ARCHIBALD

Vice-Presidents

MAX D. SOROTA PETER S. EAGLESON
(Term expires March 1973) (Term expires March 1974)
Secretary Treasurer
JOSEPH F. WILLARD ROBERT T. COLBURN
Directors
CHARLES A. PARTHUM CHARLES C. LADD
LAWRENCE C. NEALE CHARLES H. FLAVIN
(Term expires March 1973) (Term expires March 1974)

Past Presidents
ROBERT H. CULVER ERNEST L. SPENCER ERNEST A. HERZOG

‘ Sanitary Section
JOHN J. COCHRANE, Chairman WILLIAM H. PARKER, 3rd, Clerk

Structural Section
JURGIS GIMBUTAS, Chairman HAROLD V. McKITTRICK, Clerk

Transportation Section
ROBERT T. TIERNEY, Chairman R. LAWRENCE WHIPPLE, Clerk

Hydraulics Section
JEROME DEGEN, Chairman ROBERT S. RESTALL, Clerk

Construction Section
JOHN T. QUINN, Jr., Chairman SAMUEL E. RICE, 3rd, Clerk

Geotechnical Section
EDMUND G. JOHNSON, Chairman VINCENT J. MURPHY, Clerk

' Computer Section
ROBERT D. LOGCHER, Chairman CHARLES D. SHAKER, Clerk

JOURNAL EDITOR — H. HOBART HOLLY
230 Boylston Street — Room 714
Boston, Massachusetts 02116



JOURNAL OF THE
BOSTON SOCIETY OF CIVIL ENGINEERS

Volume 59 JULY 1972 Number 3

A CASE STUDY OF
SHEAR WALL-FRAME INTERACTION

by Stephen Chriss*
Abstract

A shear wall-frame system pertaining to an actual building has been
investigated for deflection and rotation caused by wind loading. Computational
means employed were a desk calculator, a wire model and a computer facility.
The analysis method used, consisted of computing stiffness matrices for
substitution into an equilibrium equation, which was subsequently solved for
system deflections. The contribution of frames in reducing system deflections is
significant.

Introduction

Composite shear wall-frame action due to lateral loading is characterized
by considerably lower lateral deflections and shear wall rotations than would be
obtained if the shear wall was acting alone. Although the principle of the above -
statement is generally understood and its validity accepted, data in the published
literature indicating manifestations of interaction are scarce.

The present study was therefore undertaken in order to determine
response characteristics for the system investigated, which possessed rather
unusually high beam-to-column and shear wall-to-column stiffness ratios. A
simple method of analysis is presented, aiming at determining deflections of the
combined shear wall-frame system. Resultant rotations, as well as deflections
and rotations for the shear wall acting alone are also presented for comparison.
The investigation is of combined analytical-experimental nature and pertains to
the Physics Tower of the University of Toronto.

The study was instigated by the necessity of determining whether the
rotation of the top of the central core at the 16th floor level under moderate
wind load was within the specified limits. Low rotation limits were required due
to the operational characteristics of two astronomical telescopes mounted on the
top of the core.

*Research engineer EDOK-ETER, Athens, Greece.
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Building Characteristics

The building shown completed in Fig. 1 and in plan in Fig. 2 structurally
consists of four supporting perimetric frames, a group of three interior columns
and a central core, all interconnected through plane-rigid floor plates.

Perimetric frames and central core terminating at the fifteenth and
sixteenth floor levels respectively, are supported at the basement level by a
criss-cross wall type foundation, assumed to provide a perfectly flexurally rigid
base for the purpose of the present analysis. The central core consists of
reinforced concrete sections of 8,12 and 16 in. in thickness, and reinforced as
concrete columns at points of high stress such as corners and doorways.
Concrete strength changes from 4 to 3 ksi at the 9th floor level.

Perimetric frames consist of 25-in. X 24-in. reinforced concrete columns
and 6-ft 8-in. deep composite beams. Column concrete strength changes from 4
to 3 ksi at the 7th floor level. The composite beams consist of 3-ft 3-in. deep,
1-ft wide 3 ksi reinforced concrete spandrel beams supporting the floor plate,
and 3-ft 5-in. deep, 8-in. concrete block panel; the latter is bonded to the
spandrel beams with cement mortar and topped by cast in concrete 6 x4 B 8.5
steel beams interconnecting adjacent columns as shown in Fig. 3. Steel beams
were introduced as tension-compression members in order to mobilize into
flexural action the full depth of the composite beam, thereby increasing the
stiffness of perimetric frames. Stiff frames would in turn result in limited
rotation at the top of the core as necessitated by the operational characteristics
of the telescopes.

Floor plates consist of 15-in. deep stems and 3-in. thick deck concrete
waffle type slabs.

The story height between the first basement level (at which frames and
core meet the rigid foundation) and the first floor is 17.5 ft., that between first
and second is 18.7 ft., and all remaining story heights are 12.9 ft.

Analysis of System
Method of Analysis

The system resisting lateral motion shown in Fig. 4 consists of a planar
array of a frame element and a shear wall element, interconnected at floor levels
through links. The above elements represent respectively (1) the combination of
two opposite physical perimetric frames whose planes are paraliel to the
direction of wind, and (2) the physical central core.

Frames and central core are assumed fixed at the first basement floor level.
The interconnecting links representing the concrete floor plates are assumed
hinged at both ends and inextensible, i.e. not altering their length under the
influence of interaction forces between the shear wall and frame elements.
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System deflections were determined from equilibrium considerations,
from the expression:

(av1+ [af)) ) = (B} ...l 1

in which [AW] and [Af] are the square stiffness matrices for the shear wall and
frame elements respectively, and {u} and {F} are the column matrices of
system horizontal deflections and externally applied forces respectively. The
above eqluatlon can be obtained by writing the well known stiffness matrix
equation’ for the shear wall and frame elements separately, and adding the two
together.

Stiffness coefficients for the central core disregarding the effect of shear
were determined as follows. One point at a time was deflected while all other
points were locked against translation only; the stiffness coefficient Akj is then
equal to the reaction required to keep point k locked against translation, while a
load applied at point j is producing a unit displacement at j. Reactions were
determined from moment distribution. All arithmetical operations were carried
out through a desk calculator rather than a slide rule due to the required
accuracy in formulating the stiffness matrix. A constant flexural rigidity EI =
2.30x1010 kip-ft2 was used in the calculations. This figure representing an
average of the rigidities in the two building directions, was arrived at by
conventional methods after due allowance for openings and doorways.

Stiffness coefficients for the perimetric frames were determined by means
of a wire model as described further. Stiffness expressions for the central core
(shear wall element) and the two perimetric frames combined (frame element) are
given by Eqs. 2 and 3 below which indicate the nature of the coefficients rather
than the complete coefficient layout.

An-outline of the method of computation of rigidities is given in Appendix

I.

) . —_r

Py +43.855  -31.842  +16911 . . 0 0 0 uJ
Py —31.866 - +53.571 -52.095 . . 0 0 0 uy

P3 +16.921  -52.100  +82.156 . . 0 0 0 u3

5 112

Py 0 0 0 . . +84.566 —56.536 +14.930 | fugy
Pis 0 0 0 . . —56.537 +57.697 -20.786 | |ugsg
leJ 0 0 0 . . +14934 20787 +9.010 | {ugg
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r Y — — 3
P +0.082  -0.40 o . . 0 0 o | [y
P, -0.040  +0.190  -0.150 . . 0 0 0 Uy
Py 0 -0.150  +0.300 . . 0 0 0 us

P13 0 0 0 .. +0.300 -0.150 0 uy3
P14 0 0 0 . . —0.150 +0300 -0.150| |uy,
Pr1s) L0 0 0 . . 0 -0150 +0.150] 215,

In the above expressions, forces P are in kips and deflections u are in millionths
of a foot.

It is noted from Eq. 3 that the frame element corresponds to a discrete spring
type system2, since the influence of deflecting a floor level is only spread to the
floors above and below. Such an action is attributable to the fact that the ratio
of composite beam to column stiffness is of the order of 10.

The lateral forces acting on the building were assumed to be those due to a
25 mph wind producing a pressure increasing with the floor level according to
the recommendations of the National Building Code of Canada. The wind load
was considered negligible up to the 50-ft. level (4th floor) due to the shielding
effect of neighboring buildings.

Wire Model

Due to the nature of the composite beams, the columns were considered
free to deform flexurally in their height corresponding to the depth of the block
panel; in addition, the steel beam, its concrete encasement, and its tributary
width of concrete block panel were considered to provide an elastic restraint to
column lateral deflections. The above considerations, outlined in Appendix I,
correspond to an idealized frame section as shown in Fig. 5. Resort, therefore,
was made to a wire mechanical model for the determination of stiffness
coefficients of the perimetric frames.

A typical wire model section representing the physical prototype section
(Fig. 5) is shown in Fig. 6. Flexible arms A correspond to the springs of Fig. 5.
Arms A offer elastic restraint to wires C through cantilever action, and were
made effective through post-tensioning of a fine steel wire after soldering had
been completed. Wire bands B and C correspond to the flexural rigidities of the
prototype composite beam and column respectively and the gusset plate G
corresponds to the column-spandrel beam poured joint.
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Model characteristics were prescribed by the scales of length 1/Kjy,
stiffness 1/Kk, and spring constant 1/Ks. The first two scales were independently
chosen, while 1/Kj is equal to KE/Kk as follows from similitude theory3.4; 1/Ky
is relating the elastic column restraint of the prototype (springs of Fig. 5) to the
corresponding element of the model (flexible arms of Fig. 6.).

Numerical values of the scales were chosenon considerations of conve-
nience of construction and loading, practicability of model size, availability of
model members and readability of deflections; the values chosen were:

Lo Im s 4
1— :(—%— = 0555)(10_10 ............... 5
1 Cm _ K;3 -6

= = 2 = BT = 355100 L. L. 6

in which L, (EI) and C represent length, flexural rigidity and spring constant
respectively, and the subscripts m and p apply to model and prototype
respectively.

The model was constructed of spring temper wires jointed by means of
non-creep solder. Since the frames were assumed to act essentially as discrete
spring type systems, only five stories were incorporated into the model. This
assumption was verified during experimentation by the fact that the stiffness -
coefficients for levels two stories away were 4 percent or less of the coefficients
one story away from the loaded level.

Experimental arrangement and schematic representation are shown in Fig.
7 and 8 respectively. A simple electrical circuit was utilized to indicate contact
of the model with the pins P, while the model was under the influence of
weights placed on the trays.

The following technique was utilized. With the switches RS (regular) and
MS (momentary) closed, enough weights were placed on tray T2 to just break
the circuit between the pin and the model (light of bulb B off). Weights were
then placed on tray T1 creating a deflection A, reestablishing the contact
between pin and model. Counter-balancing weights W were then placed on tray
T2 to just break again the contact. The stiffness coefficient A43 for model
would then be equal to W/A. Two deflection operations were performed to test
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Fig. 7. Wire Model — Experimental Arrangement

RS MS _
SR “h

4
3
Ta
A
2 PN T
I
RIGID
Y I X X BAR
CLAMP

Fig. 8. Wire Model — Schematic Representation



142 BOSTON SOCIETY OF CIVIL ENGINEERS

the linearity of the W-A relationship, and the average W/A value was taken. The
difference between the values obtained for each deflection operation was in
most cases between zero and 7%. Deflections were measured on a scale
graduated in hundredths of an inch and read through a magnifying glass.

System Solution

The expressions given by Eqs. 2 and 3 and the force vector given by the
second column of Table 1 were combined into the form of Eq. 1 for the solution
of which a digital computer facility was employed. Determined values of
deflections u were then back-substituted into Eq. 3 to yield forces acting on the
frame element. These forces were in turn subtracted from the externally applied
loads, to yield the forces acting on the shear wall element. Force distribution
and system deflections are shown in Table 1.

To check the correctness of the solution, the deflection of the shear wall
element under the calculated set of forces was determined by cantilever
deflection formulas and compared to the computer solution set of deflections: a
very close agreement was obtained.

Table 1. System Forces and Deflections

FORCES (KIPS) SYSTEM
UEVEL | PXEEAALLY | oNstL s | ONEIE | perlacTionse
FORCES F FORCES P FORCES P
16 4.14 4.14 — 0.001948
15 4.54 —13.44 17.98 0.001824
14 4.36 4.12 0.24 0.001704
13 4.36 3.98 0.38 0.001583
12 436 3.85 0.51 0.001459
11 4.36 3.73 0.63 0.001307
10 4.36 3.74 0.62 0.001200
9 4.36 3.87 0.49 0.001063
8 4.36 4.01 0.35 0.000925
7 3.55 3.52 0.03 0.000783
6 347 3.95 -0.48 0.000642
5 3.47 4.46 -0.99 0.000503
4 0 1.63 —-1.63 0.000373
3 0 2.35 —2.35 0.000253
2 0 11.29 —11.29 0.000148
1 0 2.8 —2.78 0.000038
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Rotations at the top of the central core were obtained from the difference
of horizontal deflections divided by the story height. For comparison, deflection,
and rotation at the top of the central core if it were acting alone, were also

-computed from cantilever deflection formulas. Both sets of response character-
istics are shown in Table 2.

Table 2. Comparison of Response Characteristics

HORIZONTAL ROTATION AT TOP
SYSTEM DEFLECTION AT OF CORE
TOP OF CORE
(FEET) (RADIANS)
FRAME PLUS
SHEAR WALL 0.00195 0.92x10=3
ELEMENTS
SHEAR WALL
ELEMEMENT ONLY 0.00680 4.5x10~5

Summary and Conclusions

A combined analytical-experimental approach to the problem of deter-
mining deflections of a shear wall-frame system has been outlined. Computa-
tional means employed were a desk calculator, a wire model and a computer
facility for the determination of stiffness coefficients for the shear wall element,
the frame element and system solution respectively. The above computational
means could be interchanged or interreplaced.

Although the stiffness coefficients for the frame element are more than
two orders of magnitude smaller than those for the shear wall element, the
contribution of the former element has a marked effect on decreasing system
response characteristics (Table 2).
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Appendix 1
Outline of the Method of Computation of Rigidities

1. Central Core (Shear Wall Element)

Calculation of the moments of inertia of the central core of the building,
was based on the following assumptions:

1. Plane sections before bending remain plane after bending, i.e. warping
is absent. :
2. Material over doorways does not contribute to stiffness.

Accordingly, the centroidal axis XX, was located by means of conven-
tional methods for the cross section shown in Fig. Al. Axis YY is an axis of
symmetry. ‘

Subsequently the moments of inertia were evaluated for the cross section.
Due to the first of the above mentioned assumptions, the calculated moment of
inertia is overestimated, since during bending about the YY axis, in reality,
sections such as ABC, DEF, G, H (Fig. A1) will not be fully effective due to
warpage (Fig. A2). The same is true for bending about the YY axis.

Due to the second of the above mentioned assumptions, the calculated
moments of inertia are underestimated, since in reality, the material existing
over doorways will contribute to stiffness.

The two above mentioned opposite effects were considered to cancel each
other at least partially, thereby resulting in a moment of inertia approaching the
true condition.

The moments of inertia for the concrete alone were found as:

2.200x10%4 ft4

Ixx

Iyy = 2.346x10% ft4

Taking into account the effect of vertical reinforcement by consideration

of transformed steel areas:

0 to 9th floor 2.400x10% fi4

Ixx = (2.200+0.200) x10%

Iyy = (2:346+0.200) x104 = 2.546x10% fi#

9th to 15th floor

Ixx = (2.200+0.140) x10% = 2.340x10%4 fi4

Iyy = (2.346+0.140) x104 = 2.486x10% ft*
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The modulus of elasticity for concrete was taken as:
0 to 9th floor (f; = 4 ksi) : E = 5.3 x 105 kip/ft2
9th to 15th floor (f, = 3 ksi) : E = 4.8x 10> kip/ft2
Thus flexural rigidities become:

0 to 9th floor: (EDxx = 1.24x1010 kip-ft2, (EDyy = 1.35x1010 kip-ft2

9th to 16th floor: (EL)xx = 1.12x1010kip-ft2, (EI)yy = 1.20x1010 kip-ft2

Although the arithmetic average of the above figures is 1.23x1010, the
value used in assembling the stiffness matrix was: EI = 1.30x1010 kip-ft2 since
the bottom (stiffer) part of the cantilever, has a stronger influence on deflections
than the top.

2. Perimetric Frames (Frame Element)

Calculation of rigidities of perimetric frames was based on the following
considerations and assumptions:

1. Steel beam, encasing concrete, block panel and poured concrete,
spandrel, Fig. A3, act integrally as a composite beam.

2. Concrete column-concrete block interfaces AB (Fig.- A3) cannot
develop either tensile or compressive forces. Therefore. columns can
deform flexurally in the lengths AB, the latter being physical gaps, as
shown in Fig. 5.

3. Blocks AEDCA (Fig. A3) consisting of the steel beam, its concrete
encasement and its tributary width of block panel act as elastic
restraint for the column, when it (column) is laterally deflected. The
extensional rigidity EA of the block divided by its length, i.e., its spring
constant is that of a strut having length ED and cross-sectional area and
modulus of elasticity, those corresponding to the middle position M.

For the evaluation of the flexural ridigity of the composite beam, the
neutral axis was first located by considering transformed areas. The moduli of
elasticity of poured concrete, concrete block and steel beam were taken in the
ratios 1:0.5:10 respectively. Subsequently, the moment of inertia was calculated
as I = 19.3 ft4; the corresponding flexural rigidity was then: EI = 19.3x4.7x103
= 9.1x106 kip-ft2. The spring constant Cp of blocks AEDCA was calculated as:

YEA 1

Cp = === +EQAx+E3A
p = =7 = (E1ArtEaAptEsAs)
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where EjAj, EpAp, E3A3 refer to concrete encasement, steel beam, and
concrete block respectively. Since L = 4.8 ft, E1 = 4.7x1035 Kip/ft2, Ep = 10Ey,
E3 = 0.5E1, A1 = 0.72 ft2, Ay = 0.017 ft2, A3 = 0.60 ft2, the value of Cp
becomes: Cp = 1.16x105 kip/ft.

The flexural rigidities for the columns were calculated as follows:

0 to 7th floor

_ 24
VA
I =0.17 ft4; total moment of inertia It = 1.33 + 0.17 = 1.50 ft4.

For the concrete I, = 1.33 ft#; for the circular reinforcement

For the concrete, E = 5.2 x 10 kip/ft2. Thus EI = 1.50x5.2x 105 =
8.06 x 103 kip-ft2 per column.

7th to 15th floor

4
For the concrete I, = % = 1.33 ft4; for the tied reinforcement 1;=0.33 ft4;

total moment of inertia Iy = 1.33+0.33 = 1.66 ft4.

For the concrete E =4.7x10° kip/ft2. Thus EI = 4.7x1.66x105 = 7.8x10°
kip-ft2 per column,

An average EI =7.9x107 kip-ft2 per column was assumed throughout the height
of the building.
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Appendix II — Notation

stiffness coefficient;

[A] = . square stiffness matrix;
C = spring constant = f ;
8
El = flexural rigidity;
F = external forces;
{F} = column matrix of external forces;
E
Ky = scale of flexural rigidities = ﬂ ;
K = scale of lengths = ——
. Lm
Ks = scale of spring constants = il S
m
L = length;
P = internal forces;
u = horizontal deflection;
{u} = column matrix of horizontal deflections;
= weights loading model,
Greek Symbols
) = axial deformation
A = model deflection
Superscripts
w denotes shear wall
f denotes frame
Subscripts
P denotes prototype
m denotes model
Key Words

Analysis, displacements, experimental, frame, investigation, shear wall, stiffness
coefficients, system, wind load, wire model.



REMOVAL OF SURFACE ACTIVE AGENTS FROM
WASTEWATERS WITH OZONE

by

Jon Marquis Foulds*

Introduction

The destructive oxidation of the anionic surfactant alkylbenzene-sulfonate
(ABS) has been reported, but research about surfactant removal by frothing with
oxidation is new. To effectively utilize the surfactants present in sewage for
frothing, knowledge concerning surfactant destruction and removal from the
liquid phase must be considered. This article discusses the reactivity and frothing
of ABS and/or the linear alkylate sulfonate (LAS) with ozone.

Evans and Ryckman'® stated that ozonization of secondary sewage effluent
achieved reduction in the concentration of the anionic surfactant alkylbenzene-
sulfonate (ABS), but frothing information was not reported. Buesher and
Ryckman? stated that ozone is economical as a treatment method for removing
ABS.

Sawyer® showed that commercial alkyl benzene sulfonates were not
readily degradable by the activated sludge process. The commercial variations of
ABS (such as the new soft linear alkylate sulfonate — LAS) are rated with a
higher value of biodegradability than ABS.

A series of experiments were performed to determine the removal process
of ABS and/or LAS from the liquid phase of sewage. Experiments 2, 3, 4, 5, and
6 were compared with the Control Run-Experiment 1. Experiments 2, 3, 5, and
6 were performed to test the oxidation of biodegraded or partially oxidized LAS
and/or ABS by ozone. The Experimental Methods section lists a description of
each experiment.

The ozone reactor was a semibatch unit in which a gas passes continuously
through the liquid contained in the reactor.

Experimental Methods

1. Reactions were run in the ozone reactor with only LAS solutions (the
stock sample was an Interim Reference Sample from the American Soap and
Detergent Association, Oct. 20, 1964). The LAS analysis was as follows: (a)
LAS-60.8%, (b) Na,S04—36.1%, (c) free 0il—0.4%, and (d) water—2.7%. The
equivalent weight of the material was 348. The Infrared Method (IR) listed in
Standard Methods was the test procedure for ABS and LAS, and the reactant for
derivative preparation was 1-methyl heptyl amine. A very high concentration of

*Sanitary Engineer, Buck, Seifert & Jost, Consulting Engineers
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LAS (1g/1) was added to the 3-liter glass reactor. A Welsbach Mode! T-23 ozone
generator with oxygen feed having a capacity of 6 g/hour of ozone served as an
ozone source. Approximately 45 mg of ferrous sulfate and manganous sulfate
were added to the reactor.

2. An experiment was performed using effluent from the laboratory
activated siudge system fed by a 5:1 ratio of glucose to yeast extract mixture
and LAS (6mg/1). The predominant organisms in the biological reactor were
paramecium, fillamentous bacteria of the sphaerotilus- Leptothnx group
(Sphaerotilus Natans), and nematodes.

3. An experiment was performed using concentrated sewage effluent
from the Robert A. Taft Pilot Plant. The sewage effluent was concentrated by a
factor of at least 5 by vacuum distiltation. The ozonization period was seven
hours.

4. An experiment was performed using a commercial detergent. The foam
was not allowed to evolve from the vessel.

5. An experiment was performed using effluent from the laboratory
activated sludge system fed by a 5:1 ratio of glucose to yeast extract with added
detergent. The reactant was ozonated for 1 hour, re-seeded with fresh sewage
and aerated for a longer period.

6. An experiment was performed using secondary sewage effluent. A part
of the initial sample was filtered and evaporated to dryness. The material was
redissolved in distilled water, filtered, and reevaporated to dryness. The ozone
reaction froth was separated from the particulate material by centrifuging at
10,000 rpm and filtering through 0.47 micron millipore filter paper. The froth
was evaporated to dryness, redissolved in distilled water, and reevaporated to
dryness. Surface tension measurements were determined for the initial surfactant
present and the surfactant present after ozonization.

Experimental Results

IR spectra of the LAS (1-methyl heptyl amine) derivative are shown in
Figures 1 and 2. Figures, 3, 4, and 5 show the IR spectra of the detergent
products from the ozonization reactions.

All of the tested extraction solutions showed the following phenom-
ena: (a) the solutions were initially a dark orange-brown color, (b) the solutions
sampled from the ozone reactor became light-yellow or clear as a function of the
ozonization time, and (c) the recovered foamate extractions were a dark-orange
brown color.

The IR spectra were identical (as a function of frequency of absorption)
for all the samples. The IR spectra also indicated that the concentration of LAS
in the foamate was greater than the concentration of LAS in the ozone reactor.
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In the ozone semibatch reaction, a froth was produced within a short
period of reaction time. The reaction gases, however, were in contact with the
collapsed phase of foamate. The reactor was pre-aerated with oxygen for 30
minutes before the start of a reaction to determine if a froth would rise from the
reactor. A slight frothing action was noticed, but the froth did not rise. The
ozone stream was introduced into the reactor solution, which contained
manganous and ferrous ions. These metal ions reacted with ozone.

A plot of surface tension versus concentration is shown in Figure 6. The
curve is similar in appearance to the curve for ABS.

Figure 7 shows the region on the curves where COD/CODg plots as a
horizontal line, demonstrating the first-order region of the curve. The initial
COD reduction is rapid. With additional ozonization, reduction in COD of the
tested sewage resulted at a slower rate.

Figure 8 shows that an ozonated sewage can be oxidized further by
aerobic action. This result is of great concern to everyone concerned about
toxicity in a water supply.
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The importance of the frothing action in the COD reduction of
wastewaters possessing detergents is shown in Figure 9. A very good mathe-
matical description is summarized by Lemlich®.

Conclusions

No chemical oxygen demand (COD) reduction of LAS and/or ABS was
detected in the series of experiments, and each experiment was replicable.

The infrared spectral analysis tests indicated that the surface active agent
and/or agents in sewage during ozonization were replicable. All IR spectra were
run from 4,000 to 1,500 cm and from 1,300 to 400 cm’. Since
product-spectra were identical to parent-structure-spectra, chemical oxidation is
not suggested. ,

The significance of the testing is that a significant COD reduction of many
domestic sewages is possible by oxidation and frothing with ozone®. It should be
emphasized that the central treatment goal at a sewage treatment plant is
separation and conversion by some process.

The fact that the LAS and/or ABS were not oxidized in the semibatch
reaction system means that it could be recycled in a continuous ozone-frothing-
reactor system, having added ferrous salts to stabilize the froth.
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Figure 6. Plot of Surface Tension vs. Concentration
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PROCEEDINGS OF THE SOCIETY

Minutes of Meetings

Boston Society of Civil Engineers

May 31, 1972:— The regular meeting was
held jointly with the Sanitary Section fol-
lowing the Section’s Annual Outing, a tour
of the Braintree incinerator and dinner at
Valle’s Steak House.

The meeting was called to order at
7.p.m. by Mr. Cochrane, Chairman of the
Sanitary Section, who turned the meeting
over to President: Archibald for a few brief
announcements. )

Following a short business meeting
chaired by Mr. Cochrane, he introduced the
speaker, Mr. Frank L. Heaney of Camp-
Dresser & McKee, who gave an interesting
presentation with slides on the design and
construction of the incinerator. After a
question and answer period the meeting was
adjourned at 9 p.m.

Seventy members and guests attended
the meeting; 37 attended the dinner.

Joseph Willard
Secretary

Joint Meeting Of
Structural and Computer Sections

May 10, 1972:— The Joint Meeting was
called to order at 7:30 p.m., at Purcell’s
Restaurant by Jurgis Gimbutas, Structural
Section Chairman. Fifty people were
present.

Joseph F. Willard, Secretary of the
Boston Society of Civil Engineers an-
nounced the relocation of Society Head-
quarters.

Robert D. Logcher, Computer Section
Chairman, next made a few announcements.

Rubin Zallen, Vice Chairman of the
Structural Section, introduced the members
of the Executive Committee of the Section
and made introductory remarks for the
technical program “Practical Problems Using
Computers In Structural Design’’, which was
presented in two parts. Mr. Zallen intro-
duced the speakers for each part.

Paul Goldberg of Albert Goldberg &
Associates spoke on time sharing, and de-
scribed many small design problems as well
as a moderately sized three-dimensional
problem.

Chan Lin and Tom Collins, both of Sepp
Firnkas Engineering spoke on batch process-
ing and described the design of a large
project in Greece which was designed for
earthquake loading.

After a question period, the meeting was
adjourned at 9:15 p.m.

Respectfuily submitted,

Harold V. McKittrick
Clerk, Structural Section
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