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ABSTRACT
" A REINFORCED CONCRETE MODULAR ROOF UNIT"
by
PIET A, KESSELS
and
DONALD M. MATSUBA

Submitted in partial fulfillment of therequirements for the
degree of Master in Architecture in the Department of Archi-

tecture on Jduly 27, 1962,

This thesis incorporates the design of a Reinforced Concrete
Modular Roof Unit with the functional requiremehts necessary
for an educational building. It 1s primarily concerned with
the development and analysis of a systematized structure,
which combines a low peripheral space and a high central

space.

It i1s organized as a joint research project, which presents

a common criteria, but proposes individual‘studies and designs.

OUTLINE OF STUDY:
1l.) Formulation of design criteria
2.) Preliminary studies leading to the proposals.

3.) Structural and functional analysis of the proposals.
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I. INTRODUCTION
1l.) OBJECTIVES
a) To develop a reinforced concrete modular roof unit
défined by a low peripheral space and & high central

space.
b) To analyze the structural behavior of the roof unit.

c) To incorporate into the modular unit the functional
requirements of a prototype school.
d) To direct the thesis toward a design approach with

broad applicationse.

2.) EXPOSITION
The Masters! Tnesls program offers the opportunity to approach
the problem of a mmdular roof unit for schools, without the
limitations of specific site conditions. With this freedom,
the total effort of tie thesis can be concentrated on the
interrelation between the structural behavior and the func-

tional requirements of the roof unit,

Therefore, this thesis is a study of a particular use of

reinforced concrete which presents some of the possibilities

and limitations of the material.
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II. DESIGN CRITERIA
1l.) BUILDING TYPE
To accommodate 30 to 35 students, a floor area of app=-
roximately 900 square feet is required. This dimension 1s de-
termined by the pihysical proximity of students during various
classroom a ctivities., The subsidiary activities, which are
related to the classroom, require a linear dimension of 10
to 12 feet.
2.) SPACES -
The intimate and individual activities are accommodatad"
by & low peripheral space. These areas are: unit libraries,
offices, conference rooms, work areas, lavatories, tollet rooms,
storage, and'corridors. The collective activities are defined
by the high space.
2.1) Quality of the idigh Space
The high space provides a psychological and physio-
logical environment, which encourages group pa ticipation among
young people. The volume is determined by the various re-
quirements necessary for proper classroom functions, such as:
illumination, heating, ventilating, and acoustics.
2.2) Quality of tine Low Space
The lower more intimate space offers a modular flexi-
bility and the advantage of placement of partitions in both
directions.
3.) STRUCTURAL SYSTEM
The: roof unit is a single structural system which

expresses the high and the low spaces that it encloses. The
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transition between the two surfaces imposes the specific struc-

tural problem of stress distribution.

3.1) The High Roof
The structure of the high space derives its form from the
expression of the spacial requirements and the structural im-

plications of the transition from the low to the high roof,

The geometric breakdown of the high roof varies with each
proposal.
3.2) The Low Roof
The most feasible roof structure, which can span 30 feet
economically and which offers modular flexibility is the two=-
way ribbed slab. A dimension of 3 feet is a reasonable module
because
a.) A door can be detailed within this dimension.
b.) Standard tollet partitions are adaptable to 3 feet.
c.) 6 feet is a minimum and 9 feet is adequate for a
single loaded corridor. 12 feet is sufficient for a double
loaded corridor.
d.) 3 feet and 6 feet are adequate dimensions for pro-
tection of the exterior glazed surfaces.
e.) 3 feet by 3 feet metal pans are a standard size,
f.) Fluorescent and incandescent lighting fixtures can
be integrated within the volds created by the metal pans,
3.3) System of Supports
The columns are located at the corners of the major space.
The exact location of these columns is determined by the stru-

tural behavior and tne geometry of the systematized roof.
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4, ILLUMINATION
The criterla for providing a luminous environment for
people who are doing close visual work are:
a.) Sufficient light - 35 to 70 foot candles
b.) A "helio" (brightness ratio) of approximately 3 to
1 (the surface of illumination is not to be brighter
than three times that of its immediate surroundings)l
4,1) Natural Light
The introduction of natural light into the classroom
provides psychological stimulation which is essential for
student activities., The major space,ss well as some of the
peripheral smaller spaces require natural light. This light,
which 1is introduced tarough skylights, must be free of glare.

4,2) Artificial Light
Aptificial light is required to provide adequate

1illumination for various activities. The fixture dimensions
are integrated into the surface geometry of the s tructure.
' 5. Heating and Ventilation
The particular heating and ventilating system to‘be

used in each proposal will vary with the climatic regions.
However there are a few criteria which remain as common de=-
nominators to tne project.

a.) Because the building is only one story, the
heating and ventilation system 1s to be free of the structure.

b.) In order for a classroom to be comfortably ven-

tilated, freshair is introduced at tne bottom and undesirable

1. Moon, Parry, The New f&pproach to Room Lighting, Reprint from
Illumination Engineering. April, 1949. p.223.
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air is removed through an exhaust vent at top. The rate of
air change 1s related to the volume.
c.) For flexibility, an even distribution of heating
and wntilation 1s provided throughout the enclosed space.
6. ACOUSTICS
There are three basic acoustical’requirementé for good
hearing conditlions in a classroom.
6.1) Distribution of Sound
Often in a classroom, direct sound from a source is
inadequate for a proper distribution. Reflected sound off the
ceiling mustbe utilized to reinforce the direct sound.
6.2) Noise Criteria
A hoilse criteria (N.C.)} of 3 decibels is an accep-
teble background noise level within a classroom. The trans-
mitting characteristics of building materlals, the quelity
of joint details and the manner of introducing ventilation,
determine the noise criteria of a room.
6.3) Reverberation Time
The reverberant quality of a room depends directly
upon the volume and inversely on the absorptive nature of the
building material. Reverberation time of a classroom is to be
calculated for two conditions:
a.) when the classroom is fully occupied.

b.) when the classroom is not occupiled.

A reverberation time of approximately one second is acceptable.
7. BLECTRICAL SERVICES

In order to obtain even distribution of electrical



services, they are integrated into the structure. The low
voltage system which is employed, has the advantages of re-
ducing dimensions of wires, conduits, junction boxes, and
switches,

8. PLUMBING
Supply andwaste lines are provided in the floor. The

roof slab allows passage of the vent stacks and ventilators.
Rain water drains are integrated in the columns.
9. THERMAL. INSULATION
Thermal insulation is placed on the outer surfaces of
the structure, together with the waterproofing membréne.
This detaill permits the interior surface of the structure

to be exposeds

1k,
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III. DESIGN PROPOSAL

A Reinforced Concrete Modular Roof Unit, Its Application

to Schools in New COrleans.

by

PIET A. KESSELS
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1. STUDY NO.1l

1-1 Description

Study No. 1 consists of a low, flat two-way system which
surrounds four deep (7'-0") beams that support an upper flat
two-way system.

The structure has one system of supports, consisting of
four columns. The columns are located near the point of
transition'between the low and high roof and directly below
the four major beams. The lower tw-way system cantilevers
from the major beams. These beams are triangulated (similar
to a truss) and admit natural light. The fins which project
from the beams serve as protection for the clerestory lighting
and alsoc nelp resist the negative momenti'of the cantilever.

The entire system 1s formed by non-removable, precast
concrete forms, designed for proper insulating and acoustic
values. Artificial light is introduced in the form of
troughearsplaced in the voids of the two-way system.

Partitions are placed on the 3'-0" orthogonal grid of

-the lower two-way system.
1-2 Criticism

a.) Introduction of natural light from four sides might
produce excessive glare and problems of sun protection. One
source of natural light would be more advisabie.

b.) The transition from the low space to the high space

is confusing.
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c.) The 3'-0" wide band of the low two-way system which
protrudes into the major space 1s not sufficient to produce
the effect of a lower portion surrounding the ma jor space.

d.) Placement of concrete and roofing material on a
surface of many different planes would be extremely difficult.
e.) Although the structurels overdesigned for such s

modest span there 1s a certaln amount of inefficlency, pro-
duced by concentrating the bending moment of the cantilever
at the junction points of the major beams.

f.) Finally, a general simplification of the entire

system 1s necessary.,
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2, STUDY NO. 2 (PROPOSAL)

2-1 Description

Study No. 2 consists of a low, flat two-way system which
surrounds four parabolic curved surfaces that form the
ma jor collective space,

The lower portion of the structure 1s formed with stan-
dard metal pans. The parabolic curve 1s generated by a
series of horizontal lines and is formed with 3" tongue and
groove decking. These generatrices were chosen because of
the effects caused by the play of natural light on them.

A divider strip has been placed between the metal pans
to produce a 1" x 3/4" reglet. This reglet receives a stan-
dard head element for the partitions. Allowances in partition
design for variations in the concréte, due to forming or de-

flection is thereby eliminated,

The design of tne modular roof unit 1s based on three
ma jor considerations:
The desired speclal quality
The structural behavior

The functional requirements
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2.2 ANALYSIS OF THE MAJOR SPACE

Study No. 1 was criticized for a confusing #ransition be-
tween the low and high space. A 3'-0" band of the low area
around the ma jor space is insufficient for a proper transition.
(figureIII-3a). By increasing this low area structural inef-
ficiency and improper balance of tihe structure results.(figure
ITI-3b}.

A gradual transition between the low space and the high
space generated by & curved surface, can produce the total
effect of a unified mea jor space and yet respect the lower
surrounding portion by allowing a sufficient amount of the
area to protrude into the space. (figure III-3c).

Once it is assumed that a curved surface can produce the
desired transition, the exact shape of the curve must be de-
termined. An arbitrary curve is difficult to construct under
job conditions, consequently, a geometric curve should be
found which becst satisfies the design criteria.

There are a number of possible geometric curves.

1. The Hyperbola (with its centerline perpendicular

to the ground line) (figure III-4a).

2. The Parabola (with its centerline perpendicular to

the ground line) (figure III-4b).

3. An Arc of a Circle (figure III-5a).

The four centered oval and the ellipse are also

possible curves, but because the dimensions of height and
width of the curve is similar, the difference between these

two curves and the arc of a circle is negligible.
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4, The full parabola (with its centerline at an angle

of 45° with the ground line) (figure III-5b).

The parabola (with its centerline perpendicular to the
ground line) was chosen for these reasons:

a.) This curve achieves the desired proportion of
low surface before rising up to ths high space.

b.) As the curve gets deeper its structural efficiency
decreases. The parabola is a relatively flat
curve.

¢c.) The deep curves rob the major area of the ne-
cessary volume for a space of these dimensions.

d.} The deep curves require much more unnecessary
concretes (and conseguently, more dead load)
in the transition from the low space to the

high space.
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2-3 STRUCTURAL ANALYSIS

The structure 1s a composite one, which is rather difficult
to classify according to common structural forms. It has two
characteristic parts, a lower two-way ribbed slab and a cen-
tral parabolic curved structure,

The two-way ribbed slab is 15" deep; spans 30' -10" and
cantilevers 9'-3" fromthe centerline of tne column. The
ribs are 7" wide and spaced 3'-1" gpart. The three inner
ribs are 8" deep and topped with a 7" slab; the taree outer
ribs are 12" deep with a 3" topping slab. The four panels
directly above the columns are dropped to provide a shear
head. The cruciform snaped columns are 18" in their longest
dimension and 7" in width.

The c entral parabolic curved structure reduces in depth

from 15" to 3" and has an average slope of 55°.

A. Assumptions

It would be difficult to study eitner the two-way ribbed
slab or the central curved structure alone in exact mathematical
terms. Furthermore, these two portions of the structure are
connected together in such a way that they influence each
other. For this reason the structural analysis 1is an approxi-
mation of the behavior of the stresses, lmsed on these assump-
tions.

1.) Sectional analysis can be performed prior to
distributional analysis.
2.) Symmetrical loading exists taroughout the struc-

ture.
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(In the design of the columns the possibility of eccentric
loading is considered),

3.) <‘he two-way ribbed slab will behave as plates.
It is divided into two strips of reinforcement; a "column"
strip and an "edge" strip.

4,) The carrying capacity of each strip will vary
inversely with its relative deflection.

5.) Tne stresses in each strip gre divided equally,
by area, into the individual ribs,

6.) for initial deflection only the live load 1is
considered (initial dead loai deflection is eliminated by
cambering the forms). This short time deflection is cal-
culated by the elastic frame method. The total long term
deflection is the sum of the live load and 2% times the
dead load deflection.

7.) The central structure will transfer a majority
of its load through tne shear head to the columns.

8.) The upper portion of the central structure
which 1s relatively straight and constant in slope behaves
like an inclined two-way slab restrained on tnree sides.

(figure III-6 points C-D).

9.) The lower portion of the central structure
works like a bending resistant curved surface and 1s considered
as a part of the column strip. (figure III-6 points B-C).

10.) Unit load acting on the upper structure is 125 psf
Unit load acting on the column strip is 190 psf
Unit load acting on the edge strip is 150 psf

Live load is 50 psf
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11.) Load carrying capacity of the soil is 4,000 psf.
12.) Ultimate compressive strength of concrete 3,000 psi.
Allowable stress intensile reinforcement

and in column reinforcing 20,000 psi.

B. Analysis
1.) The Lower Slab

The preliminary analysis of relative deflection de-
termined the loading pattern of the two-way ribbed slab. The
column s trip transfers two thirds of tiie total load to the
columns, The remaining one third of the load 1s transferred
from the edge strip, to the column strip cantilever and into
the column,

The slab 1s analyzed in two directions:

a.) Both strips were analyzed for stresses in the
longitudinal direction (column to column}.

b.) The distribution of stresses from the ribbed
slab to the central structure is analyzed in
the transverse direction. The negative moment
of the ribbed slab is dissipated to a value
equal to the negative momept of the upper two=
way slab, at the point where the thickness and
slope of the upper portion becomes relatively
constant. Because it iIs possible that the
portion between the column line and the point
of even thickness could produce a positive
moment the bending moment diagram is broken to

indicate both the negative and positive moments
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possible, The possibility of the existence of
these two moments 1s considered as a safoety
factor,
2.) The Central Structure
' The central structure 1s analyzed as an inclined twoe
way slab. Seventy-five percent of the load acting on it 1s
transferred to the corner of the shear head and then into the
colurm. The local stresses produced by this sccentricity are
small and of minor lmportance,
3.) The “olumns

Three posltions were analyzed in the determination of

the column location.

&.) If the columns are placed at the voint where the
central structure jolins the lowser structure,
bending stresses In the cantilever become ex=
cessive (figure III-6 point E).

b.) If the colurns are placed closer to the perimeter
the bending and shear tresses in the drop pansel
produced by the load of the c entral structure,
become excessive, (figure III-6 point F),.

ce.) At & point 9'«3" from the edge of the structure
the bending of the cnatilever is within an
acceptable value and the local stresses produced
in the drop panel are easlly restrained by reine
forcing steel.

The columns are designed with the possibility of unsymmetric
loading. They are fixed at the top and pinned at the bothom to

prevent bending s tresses from being transferred into the footing.
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ANALYSIS OF MID-STRIP
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REINFORCING STEEL REQUIREMENTS
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2-4, FUNCTIONAL REQJUIREMENTS

A, Illumination

The overhead dome 1s designed for the introduction of
both natural and artificial light. A 3" grid ceiling is pro-
vided to diffuse the incoming light.

Additional artificial light is provided in the lower area,
in the form of troughers 2' x 2' placed in the voids of the
two-way system,

B. Heatling anc Ventilation

A forced air system 1s used for the conditiloning of the
air. It is placed in the slab, f ree from the structure. This
grid type floor system allows an even distribution throughout
the structure, with the possibility of peripheral air supply.

The system is operated from a central control plant.

C. Acoustics

The exposed concrete of the celling offers a reflective
surface for prorer sound distributlon.

Reverberation time of the space ranges from 0,73 seconds
when the room i1s occupied to 1.14 seconds when the room 1is
unoccupied. (figure III-7 ). Absorbent material (140 units)

is placed in the voids of the two-way system.
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DESIGN PROPOSAL

A Reinforced Concrete Modular Roof Unit, Its Application

to Schools in Canada.

by

DONALD M. MATSUBA
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1. STUDY NO. 1

1-1 Description

Study No. 1 consists of a roof wnich hass an autoclastic
surface, surrounded by a low, two-way ribbed slak.(see figure
IV-1). Both roofs are combined into a single system and sup=-
ported by four columns.

The autoclastic structure is formed by a series of straight
generating lines from the circular frame which is located ver-
tically, dowm to a square horizontal diaphragm. The two-way
ribbed slab is formed with standard metal pans, and cantilevers
12 feet from the column line.

The systematized structure introduces one directional

natural light tanrough tne vertical ovening.
1-2 Criticism

a.) The caﬁtilaver moment of thne lower sl at mid-span
is ratner large, and causss excessive deflection at its edge.

b.) The unsymmetrical and irregular curvatire of the
surf:ce implics a structural benavior which is difficult to
analyze. Thus, tnhe structure has to be designed to accommodate
such irregularitiess

¢.) Although the curved surface is formed by a series of
straight lines, it 1is very difficult to construct.

d.) Introduction of natural light through the vertical
roof opening into the ma jor svace, creates the problem of glare

wnich is difficult to control.

e.) Tue effect of the low area surrounding the high space

is not clearly expressed in the interilor.
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2. STUDY NO. 2

2-1 Description

Study No. 2 consists of a'conoid" roof which is combined
with the low, peripheral ribbed slab to form a single struc-
tural system.

The "conoid™ roof 1s formed by a ssries of straight genera-
ting lines from the circular horizontal frame to a square
diaphragm. The two-way slab is formed by metal pans. Columns
are located 9 feet from edges of the ribbed slab, thus the
cantilever distance is reduced,

The symmetrical structure simplifies the central form.
Introduction of natural light through the circular opening at

the top, evenly, illuminates the major space,
2+2, Criticism

a.) For a normal span of thirty feet, structural ad-
vantages of such a curved sufface are not truly utilized.

b.) Although the form has been simplified from that of
Study No.l, it is still difficult to construct.

c.) the circular nature of the celling may introduce

acoustical problems.
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3. STUDY HO, 3

3=1 Degeription

Study No. 3 1s a structural system whioh consists of a
truncated pyramidal roof surrounded by a low, two-way ribbed
slab, and supported by four columns,

The truncated pyramidal roof, which is formed by four
tnelined solid slabs, behaves as & prismatic structure, It
is terminated at the top with a ridge frame, and the transition
to the ribbed slab 1s made by ths dlaphragme.

Each inclined plane of tus prismatic roof is formed by
eight sections of pre-fabricated filber-glass plastic or metal
forms. Divider strips are placed between forms to oreate
reveals of 1" aquare on the bottom surface. Reveals, which
are necessary for constructional tolerances, offer enrlichment
to the exposed concrete surface, and express the transition
from the ribbed slab to the nigh space, and continue, reducing
in scale to the square ridge frame.

The two-way ribbed slab 1s formed by standard 8 feet by
3 feet metal pans. Divider strips are placed between pan forms
to create the 1" square reveals; thus, a module of 3 feet 1"
in both directions is determined. Reveals accommodate typicsl
head detall for partitions and exterior wall unit, and will
tolerats reasonable deflection of the slab.

Columns, which are located near the corner of the unit
roof (figure IV -3), are formed by four bent sections of fiber-
glass plustic or metal forms, Reveals of 1" square are created
by divider strips placed between forms, and are co-ordinated

witnh those in the ribbed slab,
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5-2 Structural Analysis

Basically, the Modular Roof Uhit combines the prismatic
structure with the low, peripheral two-way ribbed slab, and
behaves as a single system. It is supported by four columns.

The two-way ribbed slab is 15" deep spanning 30'!'-10"%,

The sleb cantilevers outward 9'-3" from centerlines of columns.
The inner half of the ribbed slab is composed of a 7" slab on
8" ribs; the outer half is composed of s 3" slab on 12" ribs.
Ribs are 7" wide. Four panels, which surround each column,

are dropped to form a shear head.,

The diaphragm reduces from 8" at the ribbed slab junction
to 6" at the inclined slab. The angle i1s maintained the same
as that of the ribs,

The upper slab inclines 30° to the horizontal and reduces
in thickness from 6" at the base to 4" at the ridge frame.

The ridge f rame defines a 8'-0" by 8'-0" skylight opening
at the top of the roof. It reduces from 4" to 3" and maintains

the same angle as the dlaphragnm.

A. Assumptibns

Exact analysis of the structural system would involve
major calculations, however, for preliminary design, a close
approximation is determined, based on r easonable assumptions.

1.) Directional and sectional analysis of structural
varts can be made prior to distributlonal analysis,
2.) Slab structures will behave as plates, consistent

with the elastic theory.
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3.) Inclined slabs of the prismatic structure, are sup-
ported on four sides, but restrained only on taree sides.

4.) Three inner ribs of the low slab act as the "column"
strip and the two outer ribs as the "edgd'strip.

5.) Loads accommodated by both strips are reciprocal,
or inversely proportional to their relative deflections,.

6.) The loading 1s symmetrical. However, in the de=
signing of columns, certaln assumptions are made to accommodate
eccentric loads.

7.) Eighty percent of the moment of inertia of the dia-
phragm 1s utilized in determining the moment of 1inertia of
the column strip.

8.) Stresses acting on each strip are equally accommo-
dated by its ribs.

9.) Total long term deflection is the sum of the liie
load and 2% times the dead load deflections.

10.) Unit load acting on tne upper structure is 120 psf.
Unit load acting on the column s trip 1is 180 psf.
Unit load acting on the edge strip 1is 150 psf.
Live load 1is 50 psf.
Dead load of diaphragm is 200 pounds per linear foot.

11.) Load carrying capacity of soil is 6,000 psf.

12,) Ultimate compressive strength of concrete 3,000 psi.
Allowable stress In tensile ﬁeinforcement

and in column reinforcing 20,000 psi.
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B. Analysis
1., The Lower Slab

The load pattern, which acts on the ribbed slab, is
determined by the preliminary deflection analysis of each strip.
Seventy percent of the total slab load is accommodated by the
column strip and thirty percent by the combination of edge strip
and column strip cantilever,

The slab is analyzed in two directions.

8.) Each strip is analyzed for stresses in the
longitudinal direction (column to column).

b.) The ribbed slab cantilever, the diaphragm and
the bending of the inclined slab are analyzed
in the transverse direction. By distributing
moments into the diaphragm, negative moment at
the bottomelge of the inclined slab 1s reduced
considerably.,.

2. Upper Roof

For the purpose of analysis, all vertical and horizon-
tal forces, waich act upon the structure are decomposed into
two components, one acting perpendicular to tﬁe slab and the
other acting in its plane. The perpendicular component pro-
duces stresses in the slab, while the plane component is tran-
sferred by means of shear transfer to the support. The roof
structure, owing to its profile and its light loading, will
not have any critical stress concentrations or relevant edge

effects,



3. Column Location

The most important factor in determining the exact
location of columns is to relieve excess cantilever moment
at the mid-span, without introduéing local stresses of any
critical magnitude.

Columns are located 91'-3" from edges of the slab. The
cantilever moment produced can adequately be distributed
over the column strip ribs and be dissipated within the dia-
phragm. The deflection of the slat is reduced to a tolerable
magnitude( see paze 63 .

4. Local Stresses
Introduction of the upper roof load off the center
line of the column, produces local.étresses in the shear head.,
However, its magnitude ic small, and does not create a major
problem. (see page 69, )e
5. Columns
The vertical roof load, as well as the horizontal

wind load acting on the roof surfaces, will introduce a non-
symmetrical loading condition on the columns; thus,‘creating
bending moment whicn has to be accommodated by the columns
and colunn connections. Becceuse thekfooting can only resolve
bending moment into a couple of forces, causing non-uniform
loading on the soil, the desired column connections are fixed

at the top and pinned at the bottom.
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LOADING PATTERN FOR LOWER ROOF
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DL. DEPLECTION

+ As .47 x ZOxI0PK 2AXITIZA¥IOR.
C 0.8 XD ¥ (06 X 16w |OP

v A= R

- AF B 5.3 x107x12X.9Z x144 x 168
48X BRI xT-6 X0

- A‘s .OQQ“
DEFLECTION : . 22— .0 = .294'
L.L. +D.L. DEFLECTION = 239
D.L. u = 294"
L.L. " = .loB"
SHORT TERM DEFLECTION = .joB"
LONG TERM DEFLECTION - .t
TOTAL LONG TERM DEFLECTION = &1

COMBANGD CERPLEBCTION OF EDGE STRIP PSS colOMN  STRip CANTILEVER.

= O\ ¢ .\04“ - 'qwu



6,

et

UPPER ROOQOFf ANALYSIS
i &

|

W
W,
We W= (20 paf.
N W, - 100 p.s.f.
Wz &6 p.nf.
6/
s - &
L= o'
SHORT SPAN BENDING MOMENTS
AT eEsTRAINED Eooe = .085(100)(8%) = .267%
1000
AT DISCONTINUGLS EDee = . 042 (1o X &) = 217%
1000 -
AT MID- 5PN s 004 (100)(8% . .41FT
elota) '
LONG SPAN BEENDING MOMENTS
AT RESTRAINED EOcE = .04l (Ioo Xi6?) . 1o2™
1600
AT  MD -<PAN = .02l (100 )(16) .8F%

1000



654

ANALYSIS OF MID-STRIP
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REINFORCING
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STEEL REQUIREMENTS
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CORNER REINFORCING TO CALUMN
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3=3, FUNCTIONAL CONSIDERATIONS

The modular roof unit for a classroom 1s designed to
accommodate a central space of anproximately 11,000 cubic feet.
The quality of the space and the volume is determined mainly
by considerations of illuminetion, heating and ventilation
and acoustics.

A, Tllumination

Natural light 1s introduced into the ma jor space through
the square skylight at the top. A plastic transmitting and
diffusing shield is installed below the skylight to control
the problem of glére.

Where it is reguired, natural light is introduced into
the low area through smaller skydomes. They are installed
between ribs of the "edge" strip . The location will not sig-
nificantly alter the structural behavior of the slabe.

For proper illumination, artificial lights are located:

a.) within the skylight unit
b.) at the base of the structural diaphragm
c.) between’ribs of lower areca.

‘Be Heating and Ventilation

Unit ventilators are installed at the window sill to com-
bat and eliminate induction of cold air draft. The system
employs hot water whicn is supplied from a central plant, but
it is individually controlled. Fipes are placed in trenches,
located under floor slab of low area.

The cla@ssroom space is dsigned to introduce 10 cubic
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2 and allow a tolerable

feet of fresh alr per student per minute
air movement of 15 feet to 65 feet per minute.3

The undesirable warm air is exhausted through vents
located within the skylight unit.

C. Acoustics

The under surface of the roof, which is maintained at
20 degrees to the horizontal, is utilized to reflect sound
for its proper distribution.

The reverberation time of the room has been designed for
about 0.6 seconds, when tne room is not occupied and 1.1l
seconds, when it accommodates thirty pupils. Approximately
130 sound absorbing units are integrated with the structural

diaphragm, snd 230 units are co-ordinated with the two-way

ribbed slab. (figure IV-4}.

2 National Research Council, National Building Code of Canada,
1953 part 13, p.3

S McQuade, Walter, ed. Schoolhouse, 1958 p 185,
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6. ERECTION SEQUENCE

a.

b.

Ce

€.

f.

Ee
h.

A site is prepared and individual pad footings are
reinforced and concrete is poured.

Trencnes, perimeter foundations, columns and floor
are reinforced and concrete is poured.

Necessary scaffoldings are erected. The lower roof
forms of metal pans are placed, reinforcings are
located and concrete is poured.

The upper roof's sectinsnal fiber-glass plastic or
metal forms are placed and bolted together, rein-
forcings are located and concrete is placed,

All forms and scaffoldings are removed,

Skylights and louver vents are installed,

Thermal insulation and roofing material applied.:

Partitions, exterior walls, utility units, heating
and ventilation units and storage units are installed.
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V. APPENDIX - RESEARCH MATERIAL
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INVESTIGATION OF THZ STANDARD STRUCTURAL SYSTEMS

A. PRECAST CONCRETE
1. Standard Precast Systems

a.) The double T system consists of linear elements

spanning in one direction, supported on each end by either sa

rrestressed girder or a cast in place rigid frame. (figure A-1)

b.) The channel slab system consists of slabs which span

in one direction and are supported at each end.(figure A-2)

c.) The girder-purlin-plank system is composed of pre-

cast concrete girders, which span between supports, a nd pre-
cast purlins and roof planks which are supported on the girders.

(figure A=3)

d.) The composite system consists of prefabricated pre-

stressed jolsts, and hung-in filler blocks forming a level
celiling over which concrete is poured in place on the job

site. (figure A-4)
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2. THE ADVANTAGES OF PRECAST CONCRETE STRUCTURAL SYSTEMS
a.) Hconomy in labour obtained by a far reaching
standardization of the precast units and by the extensive em-

ployment of machinery for their manufacture and erection,

b.) Speed of erection is greatly increased. The charges
for capital, overhead, and supervision on the site are corres-

pondingly reduced,

c.) Technlcal control in the workshop 1s better than
on the site, resulting in higher quality concrete and in a
more accurate placing of the reinforcement. The improved
quality of present articles 1s recognized in the building
regulation of various countries by an increase in the per-

4
missible stressese

3. THE DISADVANTAGES OF PRECAST CONCRETE STRUCTURAL SYSTEMS
a.) Repeated handling of tihe precast units, their
additional transport from the work shop to the building sites,

and breakage of units in transit.

b.) The difficulty of producing satisfactory con-
nection between the precast units which will provide perfect
continuity and frame effect in the finished structure equivalent

to those in a monolithic structure cast in-situ.

4. Billing, Kurt, Structural Precast Reinforced Concrete,
The Cement and Concrete Association p.l

5. IBID., p.2



850

c.) The difficulty of obtaining complete integration

of services within the precast sructural elements,

d.) Flexibility is limited with the use of precast

structural elements.

At present standardlzed precast components are designed
for use in one-waystructural systems. Only few two-way systems
have been developed which can offer the repetition of parts |
or the simplicity necessary for successful mass production.
This shortcoming limits the possible usage of precast concrete

for a modular system.

B. POURED IN PLACE CONCRETE (REPETITIVE FORMS)
The two criteria which are necessary for repetitive form
work to be utilized are:
a.) Geometric surfaces of the structure must be simple.
b.) Design of form work must allow it to be a ssembled
and removed easilye.
1. STANDARD POURED IN PLACE COWCRETE SYSTEM UTILIZING
REPETITIVE FORM WORK,
a.) One-way Joist Slabs (figure A -5)
The one-way jolst system is not adaptable for a modular
system because:
It requires a system of beam supports at each end.
It limits the possibility of accommodating partitions.
b.) Two-way Ribbed Slabs (figure A-6)
The two-way mibbed slab is adaptable for a modular

system because:
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It is directly supported by columns.
It offers the possibility of accommodating par-

titions in both directions.

2. THE ADVANTAGES OF POURED IN PLACE CONCRETE(REPETITIVE
FORNS)

a.) The continuity of the structure utilizes the
negative bending moment which is developed at the support to

reduce tne positive bending moment at the mid-span.
b.) Form work can be reused,

c.) It offers maximum flexibility and better tolerance

for error than in precast structural units.

d.) Services can be integrated within the structure.

3. THE DISADVANTAG®S OF POURED IN PLACE CONCRETE (REPETITIVE
FORMS)
a. Site forming i1s costly and difficult.
b. #hen form work is large or of special condition,
time of construction becomes unnessarily long.
ce Considerable time 1is reguired for setting and

curing of concrete and removing of forms,



meot
i

[=d
.‘{ ‘-...’l..
SECTION
SLAB TUICKNESS - 2" 2" 2" oY




TWO -WAY RIBBED SLAB

VARIES,

B S

ol
o [ ]
- *
o s

‘.'. o I : '..s.‘. ) R . ..,',.., L.
P ’ o L
‘., v . at ? .
] .. o,
e
PR DA ket ¢ |
. : L

" SECTION

—_—
-

vaims =, | Rho"; 2o j T

N 5PAN TO 4%

Il

J L

LIl L

1

I
E
o —-
|
o
|
4 [ ‘
| St o ¥ e s F e B0 1!“‘1{1 .ll—_l"

| |

IL

PLAN . FIGURE

A-S



87.

PROTOTYPE SCHOOL SYSTEMS

A. Prototype Schools in America

In America, most attempts to develop a prototype, modular
school unit have used the principle of prefabrication.

This development has grown from the lncreasing interest
in prefabricated housing. A majority of the developed systems
have been conceived upon the basis of an 1deal package unit.
This unit 1is either pre-erected and shipped to the site or
brought to the site 1In a compact form and unfolded.

Most of tne prefabricated houses designed today are not
of concrete construction and when prefabricated schools began
to come into being they followed much the same path.

There are three systems of packaged schools, which are
most successful in America today.

1. National Homes Corp. School Unit

This system produces a complete two classroom
packege unit. The basic unit is designed to be
multiplied at will. The structure is of laminated
wood. Non-combustible roof panels on metal tees
span between beams.

2. Maximlite Schools

The Maximlite system incorborates masonry bearing
walls with a flat roof. The exterlor wall is con-
structed of glass blocks. Above the glass block

is a clear glazed venting sash.
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3. Structo Schools

A higher cost system, the Structo Schools naturally
produces a school of somewhat higher quality. It'
1s an assembly of steel members and porcelain enamel
panels selected from the standard panels of fered on
the market.

These three systems nave not been produced without ob jec=
tion and dissatisfaction. The National Homes School Unit has
been accused of too much glare, lack of ventilation and generally
poor construction. The Maximlite Scnool, possibly the most
criticized system, contains undersized classrooms, insufficient
storage space and tack boards. The major objection to the
Structo Unit is its high cost and inability to compete with
the conventlonal schools being built.

These systems and most of the other systems developed
in America are the direct result of an attempt to counter-
balance the rlsing cost, consequently economy is the ma jor
concern.

Educational systems in America are also undergoing many
changes. In 1959 Dr. Lloyd Trump published "Images of The
Future", in which he describes his new approach to secondary
scnools. Dr. Trump's approach is based on increasing interest
in Installation of electronic and mechanical ailds, a completely
different organization of instructional s taff, different student-
faculty relationships and consequently new curriculums, class

sizes and schedules.
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Therefore the present school problem is a multi-fold
one., There exists both a deep public concern over rising
cost and developing educational concepts along with staggering
student loads. In almost every case prefabrication has been

selected to solve this problem.
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Be Praototype Schools in England

Britain has also used prefabrication in t he development
of her prototype schools. Unlike the United States, economyA
was not the only motive,

The post war building industry could not handle the immense
volume construction unless pfefabrication, at least in part, |
were used. Prefabrication saved many costly hours both on the
drawing boards and on the site.,

Today England has a number of systems which are a result
of this post war bullding boom.

1. A light stéel frame with claddings of concrete
slabsfaced with stone drippings. vThe internal
partitions are of gypsum placster.

2. A steel frame with aluminum cladding and partitions
of factory-made panels with gypsum plaster.

3« A cold rolled stesl frame with cladding of precast
concrete on the first floor and asbestos cement sheet
on the upper stories. Internal partitions of
gypsum plaster,

4, the inter-grid system. A prestressed concrete
frame with mwecast cladding and internal partitions
of gypsum plaster.

The "nter-grid" system is the only developed prototype

modular system which uses reinforced concrete as the main
structural component.

The Wortning Tecanical High School, built in 1950, was
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the prototype for the "inter-grid" system. The system was
pioneered by Messrs. Gilber t-Ash, and is believed to be the
first prefabricated moduler system ever designed in pre-stressed
concrete. A one meter (5'44“) module was used. The components
were fastory made and post—teﬁsioned on the site by the
Freyssinet method. Ih this first prestressed school building,
the stairwells were cast on the site, but since 1954 a com-
pletely prefabricated stalr system has been worked out .

This system, in spite of its adaptability, contains only
twenty-six (26) components; all of them are factory made

units assembled and post tensioned on the job site,
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EXAMPLES OF SCHOOL PLANS

A. A PROTOTYPE STRUCTURE

Ralph Knowles and Stanley Steinberg

Masteré' Thesis M.I.T. 1959

This is one of tne fewstudies of a prototype modular roof
system. Basically, 1t is a reinforced concrete structure with
ribs that are poured between a pre-moulded cement and fiber

productoe
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‘Be AN ELEMENTARY SCHOOL

H. Caminos and E.f'. Ccatalano
First prize in the Porcelain Enamel Design Competition,l1956
Published in the Architectural Forum March 1956,

The organization of the school plan is based upon a modular

classroom unit concepte.
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C. WEST BRIDGEWATER, NASS. SCHOOL
The Architects! Collaborative, Cambridge, Mass.,.

Published by Alfred Roth The New School 196l1.

The principle of cluster-units is used to develop a modular

classroom complex.
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