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RELOCATABLE FIRE, STORM AND 
CONTAMINANT RESISTANT MODULAR 

BUILDING STRUCTURES 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This application is based on and claims bene?t of 
US. Provisional Application No. 60/171,310 ?led Dec. 21, 
1999 in the name of the same inventors and entitled RELO 
CATABLE FIRE, STORM AND CONTAMINANT RESIS 
TANT MODULAR BUILDING STRUCTURES. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention is generally directed to transport 
able and relocatable building structures and more particu 
larly to such structures Which are fabricated from metallic 
and preferably steel materials and Which are formed of 
modular units Which are substantially completely prefabri 
cated and ?nished such that they are ready for use When 
assembled on site. The invention is further directed to the 
?eld of transportable and relocatable modular building units 
Which are readily assembled to provide contaminate free, 
Weather resistance and ?re proof structures Which are safe 
for numerous Work space and/or living environments includ 
ing, but not limited to, temporary classrooms. 

[0004] 2. Brief Description of the Related Art 

[0005] Temporary building structures are used not only for 
emergency residential or other housing purposes after natu 
ral or manmade disasters, but are also used for providing 
Working space or educational space in the form of temporary 
classrooms. Conventionally, many temporary building struc 
tures are fabricated on site or are assembled from modular 
Wooden structures Which must be ?nished on site. Such 
temporary buildings thus require that appropriate building 
materials, including structural as Well as ?nishing materials, 
be appropriately supplied to the site for assembly and/or 
installation by skilled Workers. Not only does site construc 
tion require on site engineers, but it also requires appropriate 
construction technicians to provide for the construction of an 
outer shell forming the temporary structure as Well as skilled 
individuals for installing and connecting heating and air 
conditioning, sources to control the environment of such 
temporary structures, electricians to install and connect 
necessary Wiring circuits for all electrical purposes Which 
may include not only normal electrical outlets but special 
iZed outlets for purposes of communication including com 
puter, television, audio and other types of communication, 
plumbing personnel for installing and connecting appropri 
ate sources of Water supply and/or Waste Water disposal, 
depending upon the contemplated use of a temporary struc 
ture. 

[0006] In vieW of the foregoing, not only does on site 
construction require that each component of a structure be 
accurately supplied to the construction site, but, each com 
ponent must be properly identi?ed and placed into service in 
an appropriate manner to insure both structural integrity and 
operativeness of a structure. Frequently parts of systems 
such as electrical circuits and assembly components may be 
missing or misplaced during construction thereby necessi 
tating a delay in the construction process and also increasing 
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the overall cost by requiring that replacement parts be 
provided by special couriers to the construction site. Such 
construction problems relating to improperly supplied or 
missing materials and improper use of components in an on 
site construction may result in unacceptable delays or in 
unsafe building structures being placed into use. 

[0007] In addition to the foregoing, there are other prob 
lems inherent With on site construction of temporary living 
and Working spaces. By Way of eXample, during construc 
tion of an on site building, Weather conditions and building 
methods alloW moisture and other external contaminates to 
penetrate into interior components of the building structure 
Which contaminates can create an unhealthy living environ 
ment. Once a structure is completed, molds and mildeWs 
may develop Within ?oors, ceilings, and Wall panels result 
ing from such ambient conditions and contaminants. Inap 
propriate assembly of panels to substructures can result in 
alloWing contaminates to enter spaces in Walls, ?oors and 
ceilings resulting in the groWth of mold, mildeW and bacteria 
Which can affect the health of individuals utiliZing such 
structures. 

[0008] Further, many on site temporary building structures 
are not adequately designed to provide a safe environment 
for those Who are to be sheltered therein. By Way of 
eXample, many temporary or relocatable buildings are con 
structed of materials Which are easily or readily combustible 
thus making them potentially unsafe and unsuitable for 
many uses. Further, conventional temporary transportable or 
relocatable buildings often are subject to damage by high 
Winds, rains, and other Weather or ambient conditions thus 
further making them unsuitable for many uses. 

[0009] Temporary building structures Which are relocat 
able or Which are designed to be assembled from component 
parts on site are frequently used as temporary classrooms. In 
such environments, children are subjected to the adverse 
affects associated With conventional structures, making them 
undesirable and unsafe. Even With this in mind, hoWever, 
many jurisdictions utiliZed higher risk portable or relocat 
able classrooms due to economics and restrictions associated 
With expanding permanent school facilities. Often school 
enrollments Will increase faster than a jurisdiction can 
predict, resulting in a lack of classroom space and/or lack of 
funds to provide permanent space for all students. 

[0010] By Way of eXample, many temporary classrooms or 
other Work space environments are created using transport 
able modular units constructed in the same manner as 
mobile houses. Mobile home structures are not designed to 
Withstand harsh environmental conditions such as high 
Winds and are not ?reproof or contaminant resistant. Even 
When securely anchored, mobile home type structures are 
easily damaged and destroyed When subjected to tropical 
force Winds. In vieW of the foregoing, mobile home struc 
tures are not suitable for providing a safe temporary class 
room or other temporary Working enclosure. 

[0011] In vieW of the foregoing, there remains a need to 
provide relocatable and transportable structures Which can 
be placed into use With minimum assembly and at reason 
able costs. In addition, there is a need to provide for 
transportable and relocatable structures to ensure a healthful 
and safe environment free from contaminates, Which are ?re 
proof, and Which are resistant to damage from high Wind and 
other environmental conditions. 



US 2001/0047628 A1 

SUMMARY OF THE INVENTION 

[0012] The present invention is directed to transportable 
and relocatable building structures Which are formed of 
prefabricated modules and Wherein preferably tWo or more 
modules are assembled on site to form a completed habitable 
structure suitable for use as a temporary classroom for 
students as Well as other uses. The invention is more 

speci?cally directed to modular building units Which are 
formed having metal, and preferably steel, inner and outer 
Wall panels, ?oors and ceiling components and having 
suitable insulated space created therein in Which both ther 
mal and sound insulation are provided in such a manner as 
to prevent intrusion and build-up of moisture and to prevent 
groWth of undesirable and unhealthy contaminants including 
molds, mildeWs and bacteria. Each modular unit is prefab 
ricated to include all necessary electrical, communication 
and plumbing components With each of the components 
being oriented, in a preferred embodiment, so that When 
modules are assembled, they can only be assembled in a 
particular manner to ensure proper alignment and connec 
tion of all such electrical, communication and plumbing 
components so that the operativeness of each electrical, 
communication and plumbing system including air condi 
tioning and heating systems, is ensured. Therefore, the only 
requirement for trained technicians and electrical, plumbing 
and other inspections is for connecting exterior connection 
of sources of electrical, plumbing and communication 
equipment to a control panel associated With a completed 
building structure. 

[0013] In the preferred embodiment, each modular unit of 
the invention includes steel reinforcing to ensure that the 
?oor, ceiling and Wall panels associated thereWith are hur 
ricane and high Wind resistant. Further, the thermal and 
sound insulation provided in each Wall, ceiling and ?oor 
panel is positioned and structured to prevent any moisture 
build-up. In the preferred embodiment, the interior Wall 
panels are perforated in order to provide for good sound 
attenuation. 

[0014] To assist in preventing outside contamination, each 
building structure formed by an assembly of modular units 
of the present invention is heated and/or air conditioned by 
a central unit mounted thereto. The area above the ceiling of 
the structure may function as a chamber for the intake 
associated With such heating and/or air conditioning units. 
Appropriate ?lters including electrostatic or HEPA ?lter 
elements may be incorporated to provide air puri?cation and 
removal of harmful bacteria or other contaminants Which 
may gain access to the interior of the structure through the 
normal use of doors and/or WindoWs provided in each 
assembled structure and the intake of fresh, make up air. 
Because of the air tightness of the structure, an exhaust 
system is incorporated into the HVAC system to maintain a 
predetermined positive pressure Within the structure to bal 
ance the fresh intake air and the exhaust air through the 
WindoWs, doors and to maintain the required air exchange. 

[0015] To provide a ?re proof or non combustible envi 
ronment, the panels of each modular unit contain no ?am 
mable or readily combustible materials. Metal ?ooring asso 
ciated With each modular unit may be selectively coated 
With a non-skid coating of a non-combustible material or 
may be covered With an appropriate carpeting Which is 
speci?cally designed for ?re resistance. 
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[0016] As the roof structures of the modular units of the 
present invention are also formed of a metal and preferably 
steel material, the exterior surface is coated With a micro 
sphere coating. Such coatings are highly energy re?ective 
thus preventing build up of heat Within the interior of a 
completed structure. In some instances, depending upon 
climatic conditions, the side Walls of the modular units may 
also be coated With the re?ective material. 

[0017] In the preferred embodiment, door and WindoW 
units are installed during the prefabrication process With the 
interfaces betWeen adjacent Wall components being appro 
priately sealed in an air tight relationship With respect to one 
another to prevent contamination of the structural units. 
Modular units Which are connected on site include outer 
overlapping trim strips Which provide for air and Water tight 
seals therebetWeen or, in the alternative, such abutment 
joints may be Welded on site in some applications. 

[0018] To further prevent damage from environmental 
conditions including high Winds and hurricanes, the struc 
tural units of the present invention are provided With appro 
priate exterior elements for mounting protective barriers 
such as solid panels or plyWood or other materials for 
purposes of covering WindoWs associated With some of the 
modular units. 

[0019] Each modular unit also includes mounting struc 
tures for securing the modular unit to support pads Which are 
preferably formed of concrete or steel ties Which have been 
appropriately anchored in the soil to provide a strong base 
for supporting the structural units When assembled. 

[0020] The modular units of the present invention may be 
mechanically connected utiliZing conventional fasteners 
such as bolts and screWs or may be connected utiliZing a 
variety of snap ?t connectors Which are installed during 
manufacture of each prefabricated unit such that by properly 
orienting and positioning one modular unit adjacent another 
modular unit, the movement of the units together Will 
simultaneously cause or effect connection of the fastening 
elements in much the manner of a quick disconnect ?tting of 
the type utiliZed in pneumatic circuits and other quick 
disconnect couplings. 

[0021] It is the primary object of the present invention to 
provide prefabricated modular building units Which are 
substantially completely constructed at an assembly location 
such as a manufacturing facility under controlled conditions 
to include both exterior and interior components such that 
When delivered on site, the assembly of tWo or more 
modular units to one another forms a substantially com 
pletely occupiable building Which may be utiliZed for sub 
stantially any purpose. Further, connection of exterior 
sources of electricity, communication lines and/or plumbing 
?xtures is effected by single exteriorly accessible connec 
tions such that on site inspection of interior Wiring and 
plumbing including electrical and communication Wiring is 
not necessary. 

[0022] It is also an object of the present invention to 
provide modular units Which may be assembled to form 
complete and immediately usable Work, living and teaching 
space Where the overall structure can be assembled on site 
by connecting only the modular units With respect to one 
another such that inventory of interior and exterior compo 
nent parts is not required as such parts are installed prior to 
on site delivery. 
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[0023] It is also an object of the present invention to 
provide modular transportable building structures Which 
may be suitable for use as classroom environments and 
Which are substantially ?re proof, storm proof, including 
high Winds and rains, and contamination proof, including 
free of bacteria, mold and mildeW. 

[0024] It is yet a further object of the present invention to 
provide modular units Which may be assembled on site With 
a minimal Work force and yet provide a rigid, sturdy and 
healthful environment suitable for a plurality of Work and 
living uses including uses as classroom environment and 
Wherein the structures may be erected at a substantial 
economic savings thereby reducing the economic burden to 
eXpand living and Work space environments for the bene?t 
of creating more bene?cial Work, living and educational 
space Without over croWding. 

[0025] It is yet another object of the present invention to 
provide modular building units Which are formed of steel 
panels Which are uniformly constructed and speci?cally 
designed to be interconnected to form usable enclosed Work 
and living space and Which are transportable over conven 
tional highWays from a point of manufacturer to an assembly 
site. 

[0026] It is also another object of the present invention to 
provide modular building units Which can be assembled to 
provide single level Working or living space and Which can 
also be assembled in stacked relationship to provide multi 
tiered Working and living environments. 

[0027] It is also an object of the present invention to 
provide readily assembleable modular units Which are fully 
fabricated in order to provide immediately useful, healthful 
and safe environments Wherein each modular unit is 
designed so as to be maneuvered utiliZing conventional 
hoisting and lifting equipment such as forklifts and cranes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] Abetter understanding of the invention Will be had 
With reference to the attached draWings Wherein: 

[0029] FIG. 1 is a front perspective vieW of a building 
formed utiliZing the transportable modular building units of 
the present invention; 

[0030] FIG. 2 is a vieW taken from the left side of the 
building of FIG. 1; 

[0031] FIG. 3 is a vieW taken from the right side of the 
building of FIG. 1; 

[0032] FIG. 4 is a front plan vieW of the building of FIG. 
1; 

[0033] FIG. 5 is an enlarged cross-sectional vieW taken 
along line 5-5 of FIG. 1; 

[0034] FIG. 6 is an enlarged partial cross-sectional vieW 
taken along line 6-6 of FIG. 1; 

[0035] FIG. 6a is an enlarged cross-sectional vieW shoW 
ing a roof joint connection in keeping With the embodiment 
shoWn in FIG. 6; 

[0036] FIG. 7 is an enlarged cross-sectional vieW taken 
along line 7-7 of FIG. 1; 
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[0037] FIG. 8 is a top ?oor plan vieW illustrating an 
internal ?nishing of the building shoWn in FIG. 1.; and 

[0038] FIG. 9 is a vieW similar to FIG. 8 shoWing 
electrical connections. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0039] With continued reference to the draWing ?gures, a 
building is shoWn as constructed from a plurality of modular 
units in accordance With the teachings of the present inven 
tion. The building shoWn includes opposing outer modular 
units 21 and 23 and a central modular unit 22 Which are 
shoWn in the draWings ?gures as assembled in side-by-side 
relationship to form a free standing temporary classroom. 
Although the invention Will be described With respect to the 
three modular units shoWn in the draWing ?gures, the 
present invention is operative With respect to one or more 
modular units and particularly to at least tWo modular units 
Which are designed to be connected on site to form a 
completed and habitable building structure. In addition, 
although a temporary classroom is disclosed in the draWing 
?gures, the modular units of the present invention can be 
utiliZed to form any type of residential, commercial, recre 
ational or other type of building. The building When 
assembled includes a front Wall 24 including at least one 
entry/exit door 25 and WindoWs 26, a rear Wall 28 and 
opposite side Walls 29 and 30. Doors and WindoWs may also 
be provided in the rear and side Walls. The front, rear and 
opposite side Walls are primarily formed of metal, preferably 
steel. 

[0040] With particular reference to FIGS. 1-3, it should be 
noted that the side Walls are formed by joining the modular 
units such that each side Wall is segmented including sec 
tions 29A, 29B and 29C and 30A, 30B and 30C. As shoWn 
in FIGS. 8 and 9 the completed building also includes a 
metallic and preferably steel ?oor 32 Which is formed by 
interconnecting ?oor segments 32A, 32B and 32C associ 
ated With the modular units 21, 22, 23, respectively. The 
upper or interior surface of each of the steel ?oor segments 
32A-32C is preferably covered With a sheet vinyl, or a 
polyurethane coating Which is skid resistant or With a ?re 
retardant carpet or other appropriate ?re retardant material. 

[0041] The completed building also includes a metallic, 
preferably steel, roof 34 Which is formed by interlocking or 
interconnected roo?ng plates 34A, 34B and 34C associated 
With the modular units 21, 22 and 23. Although the roof may 
be formed relatively ?at, in the embodiment shoWn in the 
draWing ?gures, the central section of the roof 34B has a 
mid-upper apeX 35 from Which the roof slopes doWnWardly 
on opposite sides thereof along the Width “W” of the 
building. Roo?ng segments 34A and 34C also are shoWn in 
the embodiment of the draWing ?gures as tapering doWn 
Wardly toWard the front and rear Walls of the building. The 
roof is reinforced by providing boX or tubular steel or other 
metallic beams 36 and 37 along each longitudinal edge 
portion of the central roof section 34B and by providing 
similar beams 38 and 39 along the longitudinal inner edges 
of roo?ng sections 34A and 34C, respectively, as shoWn in 
FIGS. 5 and 6. As opposed to boX or tubular beams, other 
cross-sectional rigid support steel beams, such as I-beams, 
may be utiliZed in keeping With the teachings of the present 
invention. To assembly the roo?ng sections, bolts 40 and 
associated lock nuts 41 are inserted through aligned open 
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ings (not shown) in the reinforcing beams at spaced points 
along their length. As opposed to utilizing conventional 
fasteners such as bolts, the reinforcing beams may be Welded 
or otherWise secured With respect to one another. In some 

embodiments, latching male and female couplers may be 
utiliZed betWeen each of the opposing beams 36 and 38, 37 
and 39 in order to secure the roo?ng sections With respect to 
one another. Such devices may be quick disconnect couplers 
alloWing the separation of the couplers on the release of 
appropriate locking mechanisms associated thereWith. 

[0042] With speci?c reference to FIG. 6A, the opposing 
edges of each of the roo?ng sections 34A, 34B and 34C are 
either upturned or doWn-turned, such as shoWn at 44 and 45 
for roo?ng sections 34A and 34B, and are spaced With 
respect to one another a slight distance in order to receive a 
Weather seal 46 therebetWeen. Each Weather seal 46 eXtends 
the full length of the joint betWeen the roo?ng sections 
thereby ensuring that no air or moisture can enter an air 
space 50 de?ned betWeen a ceiling 52 of the completed 
building and the roof sections 34A, 34B and 34C. Each of 
the roo?ng sections 34A, 34B and 34C is further reinforced 
by a plurality of generally laterally extending metallic, 
preferably steel, channel roof stiffeners 54. The number and 
spacing of the roof stiffeners 54 Will depend upon the 
effective length of the modular units. In some embodiments, 
the roof stiffeners 54 may include a plurality of spaced 
openings 55 therein in Which suspension rods or Wires 56 
preferably formed of metallic material, are selectively 
mounted for purposes of supporting generally inverted 
T-shaped suspension grids 58 of a grid system for supporting 
the ceiling structure 52, as Will be described in greater detail 
hereinafter. 

[0043] To reduce the effect of thermal radiation on the 
completed building structure, each of the steel roo?ng 
sections is coated With a re?ective coating or paint prefer 
ably of a type containing microspheres. Such a coating or 
paint is manufactured and distributed under the name Ultra 
Seal distributed by NationWide Chemical Coating Mfg., Inc. 

[0044] To further insulate the roo?ng area or air chamber 
50 associated With the completed building of the present 
invention, each roo?ng section includes a thermal insulation 
layer 60 Which eXtends substantially along the entire inner 
surface thereof. Apreferred insulation is AstroFoilTM manu 
factured by Innovative Energy, Inc. The roo?ng sections 
further include additional thermal batt type insulation 62 
Which eXtends along the complete loWer surface area de?ned 
by each section and above the ceiling structure 52. In this 
manner, the thermal insulation layers 60 and 62 are spaced 
from one another so as to de?ne the area or air chamber 50 

therebetWeen. Further, and as shoWn in FIG. 6, the area 50 
Within the roof section 34A is in open communication 
beneath the reinforcing beams 38 and 36 With the area 50 of 
the central roo?ng section 34B and, in a like manner, the 
area Within the central section is in open communication 
With the area 50 Within the roo?ng section 34C for purposes 
of providing uniform air How to or from a central air 
distribution, heating, and air conditioning unit 65 Which is 
mounted to an exterior Wall of one of the modular units of 
the building. In the draWing ?gures, the air circulation unit 
65, Which includes heating and/or air conditioning capabili 
ties is mounted to the side Wall 30 of the structure and is 
supported on the side Wall member 30B associated With the 
central modular unit 22. The air circulation unit 65 is 
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mounted eXteriorly of the building structure so as not to 
adversely effect occupiable space Within the interior of the 
building. The air circulation, heating and air conditioning 
unit 65 may also include a fresh air intake 66 Which alloWs 
air from outside the building to be selectively introduced 
into the interior after passing through a ?lter element 67 
Which may be an electrostatic ?lter or HEPA ?lter capable 
of removing possible contaminants Which could effect the 
health of individuals Within the structure. The operating 
capacity of the air circulation, heating and air conditioning 
unit in cubic feet per minute Will be determined by local 
code such that the air maintained Within the completed 
building structure is healthful. 

[0045] With speci?c reference to FIG. 7, an enlarged 
cross-sectional vieW having portions broken aWay of a 
corner portion of modular unit 21 is disclosed. It should be 
noted that the cross-sectional characteristics of the rear Wall 
28 and the opposite side Wall 29 of the completed building 
Wall have the same structural characteristics. 

[0046] Each of the outer modular units 21 and 23 include 
corner columns 72A and 72B Which are shoWn in the 
draWings as being open steel columns. It should be noted 
that other types of steel columns may be utiliZed in keeping 
With the teachings of the present invention. Each of the steel 
columns 72A and 72B is Welded or otherWise secured at its 
loWer end to the steel ?oor section 32A Which section is 
Welded to a steel frame or beam 74A Which eXtends along 
the front of the building as shoWn in FIGS. 2-6. A similar 
beam 74B eXtends along the rear of the building. The ?oor 
beams are also formed of steel Which may be holloW in 
cross-section or may be formed as an I-beam, channel beam 
or similar structure. The support beams 74A and 74B are 
interconnected at their ends to side support beam segments 
75A and 75B, respectively, Which eXtend along each side of 
the modular units 21 and 23. The center modular unit 22 
includes a pair of spaced vertical support posts or columns 
76A and 76B at each end thereof Which are formed of similar 
material as the corner columns 72A and 72B. The columns 
76A and 76B are Welded or otherWise secured to a support 
beams 77A and 77B provided at each side or end of the 
modular unit. Each of the outer modular units also includes 
along the side Walls thereof interior vertical support columns 
or posts 78A and 78B, respectively, Which are formed of 
steel similar to columns 72A and 72B. 

[0047] To join the posts or columns 78A and 78B to the 
columns 76A and 76B, respectively, a plurality of mounting 
brackets 80 may be Welded or otherWise secured to an 
interior surface of one of each pair of columns to be 
connected. In draWing FIG. 7, the bracket 80 is shoWn as 
being secured to column 78A, hoWever, the bracket could be 
secured to column 78B. In a like manner, a further bracket 
81 is Welded or otherWise secured to column 76A. Again, the 
bracket 81 may be provided along the interior surface of the 
column 78A if the bracket 80 is attached to the column 76A. 
The tWo brackets have aligned openings therein for receiv 
ing conventional bolts 82 for securing the brackets together 
and thus retaining the columns 78A and 76A in assembled 
relationship. The number of brackets provided along the 
vertical length of the columns may be varied depending 
upon the anticipated siZe of the building. In a preferred 
embodiment, the brackets 80 and 81 are provided in the 
ceiling area such that the connections are not visible along 
the interior space of the building. 
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[0048] To seal the connection between adjacent columns 
of the modular units, snap-on generally unshaped covers 85 
are provided. The covers Will prevent the passage of air and 
moisture betWeen the columns as Well as betWeen the 
columns and adjacent segments of the Walls associated With 
each of the modular units. In some embodiments, the covers 
may be Welded or otherWise secured and formed of a 
metallic material Whereas in other embodiments, the covers 
may be formed of a different material Which is suitable for 
preventing the passage of moisture or air into the areas 
betWeen the columns. 

[0049] Seals may also be incorporated on the surfaces of 
each roof, ?oor and Wall column Whereby When the modular 
units are draWn together and connected, the seals compress 
together against the surfaces of the columns and beams to 
effect a moisture tight seal. 

[0050] Each of the Walls of the modular units of the 
present invention are de?ned having outer steel Wall panels 
86 Which may be corrugated as shoWn at 87 for purposes of 
reinforcement and strength and inner metallic and preferably 
steel panels 88 Which may include a plurality of generally 
equally spaced elongated recesses or grooves 89 formed 
therein. Each of the outer Wall panels 86 is Welded or 
otherWise mounted and sealed With respect to one of the 
vertical support columns such as shoWn in 72A or to 
columns providing a frame for one or more WindoWs or one 

or more doors, as Will be described in greater detail. 
Mounted interiorly of each outer steel panel 86 is a thermal 
insulation barrier 90 Which substantially covers the entire 
interior surface of the outer Wall panels. The preferred type 
of thermal insulation is AstrofoilTM. Spaced inWardly of the 
thermal insulation layer is a sound attenuation batt insulation 
material 91 such as manufactured by Eckel Industries, Inc. 
Spaced inWardly of the sound insulation layer 91 is a vapor 
barrier 92 Which extends substantially along the entire inner 
surface of the Wall panel. A plurality of vertically spaced 
horiZontal steel angles 94 extend along the length of each 
Wall segment and provide a ?ange for receiving fasteners 95 
Which are used to secure the inner steel Wall panels 88 
relative to the exterior Wall panels 86. The angles are 
appropriately secured such as by Welding to the outer Wall 
panels. The fasteners 95 are preferably driven through the 
grooves 89. 

[0051] One of the unique features of the present invention 
is that the Wall structures are formed of outer and inner steel 
panels and are both insulated for thermal protection as Well 
as for sound attenuation. Further, the outer steel Wall panels 
form a barrier Which Will prevent moisture from entering 
insulation materials such that, When the Walls are fabricated 
in a controlled environment Within a factory and the mod 
ules are assembled on site, the outside Walls are impervious 
to moisture and other contaminates. Once the inner Wall 
panels are sealed With respect to the outer Wall panels and 
because of the steel construction, contaminates can not enter 
the space betWeen the inner and outer Wall panels thereby 
preventing mold, mildeW or other bacteria groWth Within the 
Walls. Further, With the present invention, the Wall struc 
tures, as Well as ceiling and ?oor structures can be manu 
factured in a controlled factory environment before delivery 
to an assembly site. Such ?nishing of the Wall units is not 
possible When manufacturing a temporary building on site or 
off site by conventional means. 
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[0052] With reference to FIG. 5, the interior steel Wall 
panels 88 may be provided With a plurality of small openings 
100 therein. The interior panels are perforated so as to 
provide sound attenuating characteristics so that sound 
Waves can not be reverberated Within the steel structure. The 
siZe and type of openings 100 may be varied and be Within 
the teachings of the present invention; it being the speci?c 
purpose to provide surface characteristics for the Wall panels 
Which Will attenuate sound Without the use of combustible 
type materials. 

[0053] In some embodiments, and as previously dis 
cussed, the outer surface of the outer panels 86 may be 
coated With a radiation re?ective coating Which may include 
a coating such as described With respect to the roof panels. 

[0054] With speci?c reference to FIGS. 5 and 6, partial 
cross-sectional vieWs are shoWn shoWing the manner in 
Which one of the WindoW units is installed With respect to the 
front Wall of the modular unit 21 of the present invention. 
The WindoW is completely framed by holloW steel, alumi 
num or other metallic framing 101. The outer metal panels 
86 of the Wall are curved inWardly adjacent to the frame 101 
to provide a Welding surface or connection. InWardly 
depending steel angles or ?anges may be utiliZed for pro 
viding support for the internal insulation associated With the 
Walls of the modular unit and/or for connection of the inner 
Wall panels 88. A trim member may be Welded or otherWise 
secured about the interior portion of the WindoW frame 101 
for providing a ?nishing joint betWeen the inner steel panel 
88 and the WindoW. 

[0055] In draWing FIG. 1, four WindoWs 26 are shoWn 
mounted in side-by-side relationship Within the WindoW 
frame 101. The type of WindoWs may vary and yet remain 
Within the teachings of the present invention. For purposes 
of illustration only, the WindoWs 26 may include crank 
mechanism 110 Which alloWs the WindoWs to be pivoted so 
as to open. To provide protection to prevent WindoW damage 
in the event of high Winds, such as hurricanes or tornados, 
opposing L-shaped ?anges 114 and 115 are provided along 
the upper and loWer portions of the outer area of the WindoW 
frame 101. The ?anges are spaced a distance from the front 
surface of the WindoW assembly 26 to alloW an appropriate 
solid barrier to be slidingly or otherWise positioned therebe 
tWeen. In one embodiment, plyWood panels may be slidingly 
engaged in opposing channels 118 and 119 de?ned by the 
?anges 114 and 115 and the interior surface of the WindoW 
26. Permanent roll doWn or other types of WindoW protec 
tion can also be provided. 

[0056] With speci?c reference to FIG. 6, it should be 
noted that the outer Wall panels 86 are designed to extend 
upWardly into substantial contact With a steel angle to Which 
the steel plate roof panel is attached so as to be substantially 
sealed With respect thereto. A generally L-shaped trim strip 
formed of steel trim angle 120 is shoWn Which is used to seal 
the roof panels and the upper portion of the outer Wall panel. 
It should also be noted that the thermal barrier 90 extending 
Within the Wall is preferably coextensive With the thermal 
barrier 60 extending in the roof portion of the modular units 
in order to form a continuous barrier. 

[0057] With particular reference to FIG. 7, at least one 
door 25 is provided into the building. The door is surrounded 
by a steel frame 124 Which is Welded or otherWise secured 
to the inner and outer Wall panels 88 and 86 so as to 
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eliminate the How of ambient air and moisture therebetWeen. 
Appropriate seals may be provided along the edges of the 
door frame to restrict air ?oW betWeen the door 25 and the 
door frame. The door is suspended by appropriate hinges 
(not shoWn) from the door frame 124. 

[0058] One of the unique features of the present invention 
is that the modular units 21-23 are substantially fully ?n 
ished at the point of manufacturer such that When assembled 
on site, not only is the resultant building readily habitable 
but the utilities associated thereWith including electrical, 
plumbing, communication and the like are substantially 
ready for connection to external inputs and outputs. In this 
manner, all internal electrical Wiring, plumbing and com 
munication cables and equipment is pre-installed or pre 
Wired Within each modular unit requiring only quick connect 
couplings to be made betWeen electrical conductors, pipes, 
and communication cable. By pre-installing all internal 
Wiring, ducting and plumbing, there is no need to require a 
plurality of separately skilled technicians to be on site during 
the erection of the modular units to form a completed 
structure. Further, there is also no requirement to halt 
building assembly in order to alloW for local inspections as 
such inspections may be made at the factory during the 
fabrication of the modular units. This facilitates not only the 
time of construction but also reduces the cost of construction 
by enabling those on site to preform their Work Without 
interruption. 
[0059] To facilitate the manner in Which the utility Wiring 
and plumbing is connected, the present invention, in a 
preferred embodiment, purposes that all connections be 
polariZed. That is, each electrical conductor, communication 
cable or Wire and plumbing pipe includes a connector Which 
is designed to be joined to a connector of an adjacent 
modular unit When the units are placed in assembled rela 
tionship. Further, the connectors are designed such that the 
connectors are only cooperatively mated With respect to one 
another in the event the modular units 21-23 are properly 
aligned. As shoWn in FIG. 7, and by Way of example, 
electrical conduits 132 for providing poWer to conventional 
outlets 130 disposed at spaced locations Within each modu 
lar unit extend through the Walls de?ning modular unit 21. 
At the end of the conduit 132 is a ?rst male connector 134 
having appropriate positive, negative and ground leads 
associated thereWith. When the modular unit 21 is to be 
joined on site With modular unit 22, the male connector 134 
is selectively receivable Within a female connector 136 
provided Within the modular unit 22 and Which itself is 
connected to an electrical conduit 138 extending through 
and communicating With additional electrical outlets in that 
modular unit. Electrical connector 136 can only receive the 
electrical connector 134 if the modular units are properly 
aligned thus ensuring the correct polarity of all electrical 
connections during assembly. 
[0060] As shoWn in FIG. 7, the electrical connector 134 of 
modular unit 21 and the electrical connector 136 of modular 
unit 22 are installed Within the columns of each modular 
unit, hoWever, such connectors may be provided Within the 
area of the ceiling or in an area beneath the ?oor. HoWever, 
it is preferred that all electrical, plumbing and communica 
tion connections be polariZed to ensure that connections can 
only be made in a proper manner. 

[0061] Although not speci?cally shoWn in the draWing 
?gures, Where plumbing pipes are to be connected through 
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the Walls of the modular units of the present invention, quick 
disconnect and sealed couplings Will be utiliZed. Each 
coupling Will include a male connector and a female con 
nector With appropriate seals being provided therebetWeen, 
such that When the connectors are assembled, a ?uid type 
connection is established therebetWeen. 

[0062] The modular units of the present invention may 
also be pre-Wired for communication purposes. In this 
respect, telephone, cable and other type of Wiring may be 
provided in each of the Walls of the modular units and in 
much the same manner as described With respect to the 
electrical Wiring. This alloWs connection to television cable 
and telephone Wire for purposes of telephone and internet 
connections, cable for communication With communication 
systems such as public address systems utiliZed in various 
institutions including schools, and direct ?re reporting com 
munication and the like. 

[0063] With speci?c reference to FIGS. 5 and 9, an 
example of an electrical and communication Wiring hook-up 
for the building shoWn in FIG. 1 is disclosed. It is noted that 
a plurality of 120 volt quadruplex electrical outlets 130 are 
provided Within the interior of the assembled building. Also 
provided is a TV cable connection 140, a public address 
speaker 142, a ?re alarm 144, a ?re pull station 145 and a 
telephone line connector 146. Also provided are appropriate 
smoke detectors Which are electrically connected to the ?re 
alarms and Which detectors are shoWn at 148. 

[0064] With speci?c reference to FIG. 6, the details of the 
ceiling structure 52 for each of the modular units is shoWn. 
As previously described, the roof structure provides appro 
priate hanger rods or Wires 56 supporting the grid system 58 
for supporting the ceiling. The ceiling Will include a plural 
ity of light ?xtures 160 Which are supported by the grid 
system 58. PoWer to the lighting features 160 is provided 
through electrical conduits extending through the side Walls 
of each of the modular units. HoWever, in some embodi 
ments, as opposed to extending the poWer through the side 
Walls, as disclosed in FIG. 7, polariZed connections may be 
provided in the roo?ng structure similar to those previously 
described With respect to the side Wall polariZed connec 
tions. 

[0065] The ceiling also includes acoustic ceiling tiles 164 
Which are also suspended from the grid system 58. The 
acoustical tiles may be of conventional construction but are 
non-combustible. As opposed to conventional acoustical 
tiles, the present invention may also incorporate sound 
attenuation metallic panels similar to the interior Wall panels 
88 Which are suspended from the grid system 58. The use of 
such metallic panels may be desired to provide for further 
?re protection and also to provide a more anechoic type 
interior chamber for the completed building. Where neces 
sary, expansion joints 165 may be provided formed of an 
appropriate corrugated metallic or similar material Which 
extend betWeen the ceiling tiles 164 and the lighting features 
160. The ceiling may also be constructed of sound attenu 
ating metallic sections that cover the entire ceiling With 
provision for lightning ?xtures and the like to eliminate any 
Work required to form any secondary installation of the 
lights at a site. 

[0066] With particular reference to FIG. 9, there is shoWn 
in dotted line a bathroom facility Which may be utiliZed With 
the building shoWn in FIG. 1. The bathroom facilitate Would 
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include a toilet 170 and a sink 172. The plumbing for the 
toilet and the sink 172 are disposed through the ?oor of the 
modular unit 23 and are designed to be directly connected to 
a source of Water supply as Well as to a drain pipe for 
conveying Waste Water from the facility. 

[0067] With particular reference to FIG. 5, the modular 
units 21, 22 and 23 of the present invention are each 
mounted, as previously described, on steel support beams or 
channels Which are shoWn in the draWing ?gures as being 
generally c-shaped. A box beam and I-beam constructions 
may be also utiliZed. The frames are designed to be con 
nected to concrete pads Which are provided at the site of the 
building assembly. Appropriate steel anchor bolts are pro 
vided With each of the concrete pads Which are connectable 
through appropriate brackets (not shoWn) associated With 
the support beams alloWing the beams to be easily secured 
to the pads by appropriate anchoring nuts. 

[0068] As previously described, the modular units of the 
present invention are designed to be polariZed in that all 
utility connections, electrical, plumbing, communications 
and the like, are properly made during the assembly of the 
units. As shoWn in FIG. 1, a primary control panel 120 is 
provided along the end Wall of modular unit 23. The panel 
includes main circuit breakers to Which an outside source of 
electrical supply is selectively connected once the building 
has been assembled. Further, the control panel also includes 
appropriate connectors for the telephone cable and other 
communication equipment. Therefore, all connections made 
to the building are made at the exterior control panel With the 
exception of plumbing connections. 
[0069] The modular units of the present invention are 
speci?cally designed to be transportable over conventional 
roads and highWays. In preferred embodiments, the Width of 
each module is standardiZed such as to permit transport over 
highWays Without a special permit. In this respect, the 
modules may be 8 to 12 feet in Width. The modules shoWn 
in the draWing ?gures Would therefore be approximately 
331/2 feet in length. The Width and length, hoWever, may vary 
depending upon desired interior square footage required by 
the completed structure. Special permit uses Would be 
necessary for modular construction Widths of up to 14 feet 
and substantially longer modular unit length. 
[0070] To facilitate the building erection, the modular 
units of the present invention are designed to be maneuvered 
either by a conventional forklift or by crane. In this respect, 
appropriate openings 212 may be provided in spaced rela 
tionship With respect to one another in the ?oor support 
beams for receiving the forks of a conventional forklift. 
Further, steel lugs such as shoWn in FIG. 3 at 220 may be 
provided adjacent each corner of the structure having open 
ings therein for receiving hooks or cable slings associated 
With a conventional crane. Therefore, manoeuverability of 
the modular units during assembly is facilitated for different 
types of equipment. 
[0071] With particular reference to FIG. 8, in some struc 
tures, it may be desirable to preinstall various ?xtures other 
than the utility features Within the interior of each of the 
modular units. As shoWn, it is possible to provide a plurality 
of Work stations 230 Which are securely mounted to the steel 
?oor panels 32A, 32B and 32C of the modular units 21-23. 
Such Work stations may include individual computers Which 
are connected to an appropriate LAN system through the 
control panel 120 
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[0072] In vieW of the steel construction of the modular 
units of the present invention, the completed building struc 
tures are free of structural components Which promote the 
groWth of molds, mildeWs and build up of moisture thus 
reducing the possibility of building contamination. Further, 
the steel construction provides a solid structure Which is 
substantially storm resistant alloWing the buildings to be 
erected in areas Where high Winds can be expected such as 
in areas Where hurricanes may be anticipated. Further, the 
steel construction including both the interior and exterior 
Walls provides a substantially ?re proof structure Which is 
extremely suitable for us as a residence, Work space envi 
ronment or classroom. The interior perforated steel Walls, 
?oors and ceilings together With the sound insulation also 
provide a living space having extremely good acoustical 
characteristics. 

[0073] Although not speci?cally shoWn in the draWing 
?gures, each of the modular units 21-23 of the present 
invention are suf?ciently rigid to alloW the units to be 
stacked one upon another. In this respect, a complete build 
ing as shoWn in FIG. 1 can have a second building vertically 
stacked thereon by a modi?cation of the roof structure or 
providing a secondary frame structure that supports and 
distribute the Weight of the second building and by provid 
ing appropriate steel connections betWeen the side Walls of 
the loWer unit and the side Walls or ?oor support frame of an 
upper unit. 

[0074] The foregoing description of the preferred embodi 
ment of the invention has been presented to illustrate the 
principles of the invention and not to limit the invention to 
the particular embodiment illustrated. It is intended that the 
scope of the invention be de?ned by all of the embodiments 
encompassed Within the folloWing claims and their equiva 
lents. 

We claim: 
1. A relocatable ?re, storm and contaminate resistant 

modular building structure comprising; steel Walls formed of 
outer steel panels and inner perforated steel panels having 
layers of thermal and sound insulation disposed therebe 
tWeen, said Walls being secured relative to a steel ?oor and 
to a steel roof so as to de?ne an interior living space 

therebetWeen, at least one entry door through one of said 
side Walls to provide access to said interior space. 

2. The relocatable modular building structure of claim 1 
including a plurality of modular units each having a Wall 
portion, a ?oor portion and a ceiling portion and means for 
connecting said plurality of modular units in assembled 
relationship so as to de?ne said interior space. 

3. The relocatable modular building structure of claim 2 
in Which each roof portion includes an outer steel plate and 
spaced thermal insulation layers. 

4. The relocatable modular building structure of claim 3 
including means for suspending a ceiling from each of said 
roof portions. 

5. The relocatable modular building structure of claim 4 
in Which said ceiling is formed of at least one steel panel 
having a plurality of sound attenuation openings formed 
therein. 

6. The relocatable modular building structure of claim 3 
including utility Wiring disposed betWeen said outer steel 
panel and said inner steel panel of a plurality of said Wall 
portions, and means for connecting said utility Wiring of one 
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of said modular units With utility Wiring of another of said 
modular units utilizing a polarized connector system. 

7. The relocatable modular building structure of claim 3 
including an air circulation system mounted to an outer 
panel of one of said plurality of modular units, said air 
circulation unit having at least one discharge opening 
through an inner panel to said interior space. 

8. The relocatable modular building structure of claim 7 
including an air circulation area de?ned betWeen said ceiling 
and said steel roof, and duct means for communicating said 
plenum to said air circulation means. 

9. The relocatable modular building structure of claim 3 
including a steel support frame structure for each of said 
modular units. 

10. The relocatable modular building structure of claim 2 
in Which each of said Wall portions is connected in air tight 
manner to said roof portions and said ?oor portions of each 
of said plurality of modular units. 

11. The relocatable modular building structure of claim 2 
including at least one WindoW provided through one of said 
side Walls, and means extending from said outer steel panel 
adjacent said at least one WindoW for supporting a barrier 
cover for protecting said at least one WindoW in the event of 
adverse environmental conditions. 

12. The relocatable modular building structure of claim 2 
in Which each of said side Wall portions of each of said 
modular units includes at least one vertical steel post, means 
for securing said at least one steel post of one of said 
modular units to said at least one steel post of an adjacent 
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modular unit, and means for sealing an interface de?ned 
betWeen assembled steel posts of said modular units. 

13. A method of building and assembling a modular 
building structure Which may be selectively relocatable and 
Which is resistant to ?re, storm and biological contaminants 
comprising the steps of; 

a) forming a plurality of modular building units in a 
controlled environment Wherein each modular unit is 
formed having side Walls With an outer steel panel and 
an inner steel panel having thermal and sound insula 
tion disposed therebetWeen; 

b) assembling said Wall panels to steel ?oor panels and 
steel roof panels and providing thermal insulation adja 
cent said roof panels; 

c) providing utility Wiring Within at least one of said 
modular units; and 

d) transporting said plurality of modular units from said 
controlled environment to a building site and assem 
bling said modular units at said building site by con 
necting said modular units to one another to thereby 
de?ne a habitable interior living space. 

14. The method of claim 13 including the steps of 
providing polariZed mechanical and electrical connectors for 
each of said plurality of modular units and assembling said 
plurality of modular units by aligning said polariZed con 
nections With respect to one another. 

* * * * * 


