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[57] ABSTRACT 7 

Method and apparatus for increasing the strength of a 
structural member and for repairing and‘ reinforcing 
installed structural members in situ. The structural 
member is enclosed with a rigid coverand the space 
between the cover and the structural member is com 
pletely ?lled wth a suitable epoxy or other material 
which bonds both to the structural member and to the 
cover. The bonding material, which is preferably 
heavier than water, occupies cracks and other dam 
aged regions existing in the structural member and, 
also displaces water from the space between the cover 
and thestructur‘al member, so that installed structural 
pilings or the like in marine environments can be re 
paired and reinforced according to the present inven 
tion. In another disclosed embodiment of the inven 
tion, the space between a structural member and a 
surrounding spaced-apart enclosure is filled with a 
suitable substance such as concrete. The concrete or 
other filler is mechanically anchored both to the en 
closure and to the structural member to provide a uni 
tary , structural support having greatly increased 
strength compared to the original structural member. 

14 Claims, 12 Drawing Figures 
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STRUCTURAL METHOD AND APPARATUS 
This invention relates in general to structures and in 

particular to a method and apparatus for reinforcing 
and repairing structural members. 
The necessity of establishing and maintaining the 

structural or load-bearing capacity of structural build 
ing members is well-understood and cannot be overem 
phasized as an aspect of structural safety. These consid 
erations are especially significant where the structural 
members in question are used in or associated with the 
foundations of structures such as bridges, piers, build» 
ings, and the like. Such foundation structural members, 
which are typically made of materials such as steel, 
steel-reinforced concrete, or wood in many applica 
tions, must not only meet the necessary design require 
ments for the structure to be supported, but must also 
maintain the necessary structural strength notwith 
standing natural deterioration or degrading of the 
structural member tending to occur as an inevitable re 
sult of exposure to the elements. . 

Deterioration of steel structural members, and result 
ing degrading of the load-bearing capacity of the mem 
ber, typically occurs through corrosion and rusting of 
the steel. Electrolysis, frequently referred to as galvanic 
corrosion, is another natural phenomenon which at 
tacks structural metallic members and which is espe 
cially damaging to steel structural members used in ma 
rine applications such as pier supports and the like. 
Structural steel which is thus attacked becomes weak 
ened by removal of the metal, as is known to those 
skilled in the art, with a resulting weakening in the 
load-bearing capacity of the structure. 

Structural members made of concrete or steel 
reinforced concrete are subject to different types of 
natural attrition. Since concrete is‘ relatively brittle and 
non-elastic, the repeated expansion-contraction effects 
produced by thermal cycling of a concrete structural 
member exposed to temperature changes for a period 
of time will cause cracks to form in the concrete. The 
occurrence and growth of such cracks is greatly accel 
erated in climes where the concrete structural member 
undergoes periodic freeze-thaw cycles, since water has 
the opportunity to seep into the cracks and then ex 
pand upon freezing to cause further damage of the con 
crete. If the concrete structural member is internally 
reinforced by structural steel, such as an I-I-beam ex 
tending through the concrete structure, the existence 
of one or more cracks extending in the concrete from 
the exterior surface all the way to the structural steel 
provides a path for moisture to reach and attack the 
steel. The resulting corrosion products require a 
greater volume of space than previously occupied by 
the steel which was corroded, and so the pressure pro 
duced by such corrosion products causes still further 
damage and weakening of the surrounding concrete 
structure. Moreover, the presence of a concrete jacket 
surrounding a structural steel member may actually ac 
celerate the rate at which galvanic corrosion of the 
steel occurs. Still other sources of damage to concrete 
structural members used in marine environments arise 
from the constant surface erosion produced by wave 
action, tidal currents, and water currents induced by 
other forces, and from physical impact of objects with 
the member. 
The foregoing is intended to be no more than a brief 
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summary of the forces which damage structural mem- _ 
bers, especially those subjected to marine environ 

2 
ments,.since those skilled in the art will immediately 
recognize many other aspects of this long-standing 
problem. While prior art attempts to overcome these 
problems have been partially successful in some in 
stances, these attempts tend toward stop-gap solutions 
which only retard the inevitable occurrence of such 
damage. For example, various types of paints or paint 
like coatings have been suggested for application to 
structural members for the prevention of the foregoing 
and other damaging effects. These coatings are in 
tended to prevent rust and other corrosions on struc 
tural steel, to seal the pores of concrete pilings, or to 
inhibit attack of wooden pilings or other members by 
moisture and bacterial deterioration or by the ravages 
of various marine animal life forms. Such coatings can 
not repair existing structural damage and have at best 
been partially successful in accomplishing the intended 
results. Moreover, the protective coatings generally re 
quire frequent periodic reapplication to the surface 
being protected, since the coatings generally lack sub 
stantial tensile strength and are thus easily cracked by 
corrosion-induced outward cracking of the concrete. It 
will be appreciated that the need for periodic applica 
tion of a coating to a piling which supports a bridge or 
a dock, for example, and which is permanently installed 
in some substantial depth of water is difficult and ex 
pensive. 
Furthermore, such efforts of the prior art have gener 

ally aimed towardpreventing corrosion, cracking, and 
other damages but have not been capable of repairing 
damage existing in a structural member. Moreover, in 
the case of a structural member which has been already 
damaged to an extent which materially affects the load 
bearing capacity or other structural integrity of the 
member, such prior art techniques cannot enhance the 
structural strength of the member without expensive 
and awkward substantial rebuilding of the member. 
Accordingly, it is an object of the present invention 

to provide an improved method and apparatus for 
treating a structural member. 

It is another object of the present invention to pro 
vide a method and apparatus for reinforcing, protect 
ing, and repairing a structural member. 

It is yet another object of the present invention to 
provide method and apparatus for repairing, reinforc 
ing, and protecting structural members in existing in 
stallations. 
Many of the other objects and attended advantages 

of the present invention will become more apparent 
from consideration of the following disclosure, includ 
ing the annexed drawing, in which: 
FIG. 1 is an isometric view according to an embodi 

ment of the present invention used for reinforcing a 
structural member exemplified by an I-I-beam; 
FIG. 2 is an isometric view showing the reinforcing 

member as used in the FIG. 1 embodiment, partially 
opened to be received around the beam; 

FIG. 3 shows a partial section view of the reinforcing 
member of FIG. 2; 
FIG. 4 is a section view taken along line 4—4 of FIG. 

3; 
FIG. 5 is a section view taken along line 5—5 of FIG. 

1, before the ?ller material is added, showing centering 
and anchoring provisions according to a disclosed em 
bodiment of the present invention; 
FIG. 6 is a section view showing an alternative dis 

closed embodiment for centering and anchoring; 
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FIG. 7 shows an isometric view of another disclosed 
embodiment of the present invention, with one of the 
protective sheaths removed; 

FIG. 8 shows the sheaths of FIG. 7 completely in— 
stalled and strapped in place; 
FIG. 9 shows a disclosed embodiment as an alterna 

tive to that shown in FIG. 8; 
FIG. 10 shows a disclosed embodiment of the present 

invention as applied to a solid column; 
FIG. 11 shows yet another disclosed embodiment of 

the present invention as applied to an H-beam; and 
FIG. 12 shows still another embodiment of the pres 

ent invention, partially removed from a structural 
member for illustrative purposes. 
Stated in general terms, repair and reinforcement of 

a structural member is accomplished according to the 
present invention by enclosing at least part of the struc 
tural member with a surrounding cover and interposing 
a plastic layer of solidifiable material between the sur~ 
rounding cover and the adjacent surface of the struc 
tural member. The solidi?able material in its plastic 
state enters and ?lls cracked, eroded, or otherwise 
damaged portions of the structural member. The plas 
tic layer of solidi?able material becomes structurally 
bonded to the structural member and to the surround 
ing cover, so that the surrounding cover and the solidi~ 
fied material become integral elements of a new com 
posite structural member. 
Stated more specifically and with reference to a spe 

cific embodiment of the present invention as shown in 
FIGS. 1-5, there is shown generally at 15 in FIG. 1 a 
composite reinforced structure which is installed 
around and in structural relation with an H-beam 16. 
Although the present embodiment and other disclosed 
embodiments of the present invention show the use of 
a particular shape of existing structural member, such 
as the I-l-beam 16, it will be understood that the use of 
an I-I-beam is illustrative only, and it will become ap 
parent that the present invention can be applied as well 
to beams and other structural members having a variety 
of cross-section con?gurations. ~ 

In the example shown in FIGS. l-S and elsewhere 
herein, it is assumed that the repair and reinforcement 
according to the present invention is being accom 
plished with respect to a structural member 16 posi 
tioned in situ, that is, already installed in an existing lo 
cation. For example, the structural member 16 is de 
picted in FIG. 1 as being driven or otherwise disposed 
in a marine embodiment and extending below a bottom 
surface 17 to reach a suitable foundation. Such a struc 
tural member typically would be used to support 
above-water structure such as a bridge, a dock, or the 
like. 

In the first step of protecting the structural member 
16 according to this embodiment of the present inven 
tion, the structural member 16 is surrounded with a 
housing 18 which is shown to be in the shape of a gen 
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erally cylindrical pipe of substantially greater diameter ‘ 
than the greatest cross-section dimension of the struc 
tural member 16. As best shown in FIG. 2, the housing 
18 is provided with a discontinuity such as the severed 
region 19 extending along the entire length of the hous 
ing. The housing 18 is preferably made of a material 
which is structurally rigid and affords substantial com 
pressive strength, and which is also sufficiently resilient 
to permit the housing to be elastically deformed by 
moving apart the opened edges of the severed region 
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19, as depicted in FIG. 2, to permit the housing 18 to 
be disposed around an in situ structural member 16. It 
will be thus apparent that the housing 18 can be dis 
posed around such a structural member without requir 
ing removal or disassembly of either the structural 
member or of the load which such member normally 
supports. It has been found that the housing I8 can be 
suitably provided with pipe made of filament-wound 
glass fiber-reinformed polyester. A commercial source 
of such pipe is CorBan Industries, Tampa, Florida. 

Since the housing 18 must become structurally an 
chored to be a unitary element of the reinforced struc 
ture as shown more clearly below, the interior wall 20 
of the housing is provided with one or more suitable 
projections which extend inwardly into the open space. 
defined by the housing and which are structurally an 
chored to the interior wall 20. As seen in FIGS. ,2-4, for 
example, the‘ anchor is provided in the disclosed em 
bodiment by one or more spiral ribs 21 which extend 
substantially the entire length of the housing 18 and 
which are interrupted only by the severed region 19. As 
shown in the detail of FIG. 4, the spiral rib 21 is pro 
vided by one or more strands 22 of a suitable material 
such as glass fiber roving which are disposed to be inte 
grally surrounded by an extension of the interior wall 
20, which may consist of one or-more layers 23 of poly 
ester, glass fiber-reinforced polyester, or other suitable 
material of which the remainder of the housing 18 may 
be constructed. ' ' ‘ 

After the housing 18 has been disposed to surround 
a structural member 16, it is desirable that the struc 
tural member be at least approximately centrally dis 
posed with respect to the surrounding housing. This is 
accomplished according to the embodiment depicted 
in FIG. 5 with a plurality of‘spacing members such as 
the threaded bolts 26 which are inserted through corre 
sponding tapped holes formed in the wall of the hous 
ing18. The tapped holes through which the bolts 26 ex 
tend may be provided directly in the housing 18, if the 
thickness and material strength of the housing permits; 
alternatively, a threaded insert can be provided tore 
ceive each bolt 26 in a hole appropriately positioned in 
the housing. It can be seen from FIG. 5 that the bolts 
26 extend into contact with the ?anges 27, 28 and the 
web 29 of the structural member 16. It will be under 
stood that the use of four bolts 26 is illustrative only, 
and that another number of such bolts may be usable 
to center the housing 18 around a structural member 
16 having a cross-section configuration different from 
the depicted H-beam. The bolts 26 must be chosen of 
a material suitable to withstand the surrounding envi 
ronment without causing or furthering the corrosion 
problem. In the case of an intended marine environ 
ment, for example, bolts made of an electrically non 
conductive material such as ?ber-reinforced polyester 
are preferred. Referring to FIG. 1, itcan be seen that 
additional sets of bolts 20 and 21 are provided at loca 
tions spaced along the length of the housing 18 for cen 
tering at such locations. ’ 

A structural member 16 having the generally smooth 
wall configuration of the depicted‘, H-beam preferably 
is 'provided with anchor structure which projects into 
the open space 33 between the structural member and 
the interior wall 20 of the housing 18. As shown in the 
FIG. 5 depicted embodiment, this anchor structure is 
provided by a plurality of studs 34 which are suitably 
attached to the ?anges 27 and 28 and the web 29 of the 
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H-beam. Although the studs 34 can be provided by any 
suitable structural member secured to the surfaces of 
the structural member 16, it has been found in the case 
of a steel H-beam that the studs 34 may be advanta 
geously provided by exposive-cartridge attachment de 
vices such as the Ramset process. 
Once the housing 18 has been installed in place 

around the structural member 16 and suitably centered 
thereon by positioning of the bolts 26, it is necessary to 
connect the edges of the severed region 19. This is ac 
complished by allowing the edges to overlap as at 38 a 
predetermined amount which is established by the pre 
vious appropriate positioning of the adjacent one of the 
bolts 26, 30, and 31. A layer of an epoxy or other suit 
able cement that will bond together the confronting 
edges in the overlapped region 38 is then applied along 
the length and breadth of this region, and the region is 
then mechanically secured together with suitable de 
vices such as blind rivets 39 or the like. The rivets 39 
function primarily to secure the overlapped region 38 
while the cement applied thereto becomes hardened or 
set. The overlapped region 38 may advantageously be 
cemented together by epoxy resins which are suitable 
for underwater use and which are chosen to be compat 
ible with and to have the desired bonding properties for 
the material of which the housing 18 is made. 
Following the completed installation of the housing 

18 surrounding the structural member 16, the open 
space 33 is filled with any suitable material 40 which is 
provided in a plastic or semiliquid state and which sub 
sequently hardens to provide a desired structural rigid 
ity. The open space 33 can thus be filled with material 
such as concrete, epoxy mortar, or the like. The mate 
rial 40 in its plastic state completely surrounds the spi 
ral rib 31 on the interior wall 20 of the housing 18, and 
also completely surrounds the studs 34 secured to the 
structural member 16. It can be seen that the hardened 
material 40 is structurally interlocked with both the 
housing 18 and the structural member 16 to provide an 
essentially unitary composite structure having not only 
the load-bearing capability of the original structural 
member 16, but the additional load-bearing capabilities 
of both the rigid housing 18 and the material 40. In this 
way, the original strength of the structural member 16, 
which may have become degraded from rust, corro 
sion, or other flaws, can be restored to'a level equalling 
or even exceeding the strength of the structural mem 
ber 16 as originally installed. It can also be seen that the 
surrounding housing 18 as sealed along the overlapped 
region 38 provides an electrically nonconductive, im 
pervious enclosure which is practically invulnerable to 
scour and errosion damage resulting from wave and 
tidal motion, and which is additionally highly resistant 
to cracking or other damage arising from physical im 
pact against the housing, thermal stress, and the like. 
Since the tensile strength of the fiber-reinforced hous 
ing 18 is typically on the order of 600 times greater 
than the tensile strength of concrete, cracking of the 
filler material 40 by internal corrosion products is vir 
tually impossible. The structural member 16 thus is 
provided with the double protection of the surrounding 
housing 18 andthe intervening structural material 40. 

When the open space 33 to be ?lled with material 40 
initially contains water, as is the case where the housing 
has been applied to a structural member 16 in marine 
environment, it may be necessary to remove the water 
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before adding the material 40. Water removal can be 
accomplished without the necessity of a cofferdam, 
provided that a sufficiently watertight junction exists 
between the lower end of the housing 18 and the bot 
tom surface 17. Depending on the maximum sub 
merged depth of the'housing 18 and the material of 
which the housing is made, internal bracing in addition 
to the support of the bolts 26 or the spacing members 
41 may be necessary to overcome the surrounding hy 
drostatic pressure before the material 40 hardens. 
An alternative to the arrangement of spacing bolts 26 

and anchor studs 34 is shown in FIG. 6, where the func 
tionsof the aforementioned bolts and studs are com 
bined in plural spacing members 41 attached to and ex 
tending outwardly from the flanges 27 and 28 of the H 
beam toward locations adjacentthe interior wall 20 of 
the housing 18. The spacing members 41 are suitably 
attached to the steel H-beam by connective techniques 
such as welding or the like before the housing 18 is in 
stalled, with the spacing members being not quite long' 
enough to contact the interior wall 20 when the over 
lapped region 38 is connected together. It can be seen 
that these spacing members will become surrounded 
with'the material 40 used to ?ll the open space 33, and 
the spacing members thus provide both the anchoring 
function previously afforded by the studs 34 in the em 
bodiment depicted in FIG. 5 and the spacing function 
‘previously afforded by the bolts 26 of that embodi 
ment. Since the spacing members 41 are completely 
encased by the surrounding material 40, these spacing 
members need not be made of electrically nonconduc 
tive and corrosion-resistant material and thus may be 
provided more economically than the bolts 26 of the 
previous embodiment. - 
The region of overlap 38 is defined in the FIG. 6 em 

bodiment with one or more bolts 42 which extend 
through the wall of the housing'18 a distance sufficient 
to provide abutment for the end 43 of the severed re 

' gion 19. ‘The overlapped region 38 shown in FIG. 6 is 
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coated with a suitable cement and initially mechani 
cally secured with a plurality of rivets 39 in a manner 
as described above with respect to the embodiment 
shown in FIG. 5. ' 

Although the embodiments of the invention as de- ’ 
scribed thus far have been shown as used to repair or 
reinforce a structural steel member, these embodi 
ments can as well be used for the repair and reinforce 
ment of nonsteel structural members. For example, 
piles or other structural members made of materials 
such as wood or concrete can be surrounded by a suit 
able spaced-apart housing 18 and then filled with a suit 
able cementitious or other material 40 to provide a 
new, unitary structural member of enhanced strength. 
The functions of anchoring and/or spacing provided by 
the studs 34 and the spacing members 41 can be pro 
vided by similar members which are inserted into the 
existing structural member by techniques which are ap 
propriate for the material composition of that member. 
In the case of wooden pilings, for example, the spacing‘ 
and anchor functions could be provided by spikes or 
screws which are driven or turned into the pile at de 
sired intervals of spacing. Similar spikes or anchor/ 
spacing members can be driven into concrete pilings by 
explosive or other known techniques. 
Turning next to the embodiment of the present in 

vention as shown in FIGS. 7 and 8, the structural mem 
ber 16 being reinforced (depicted as an I-I-beam).is 
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provided with a surrounding cover taking the con?gu 
ration of a sheath 50 which closely conforms to the ex 
ternal configuration of the structural member. The ' 
sheath 50 in the illustrated example is provided by a 
pair of sheath members 51 and 52, so that the sheath 
can be easily applied to a structural member 16 which 
is already installed in an existing environment. Al 
though the sheath members 51 and 52 are shown hav 
ing a length extending from the bottom 53 of a typical 
marine environment to the surface 54 thereof, this dis 
tance can be spanned by sheath members made in two 
or more segments as appropriate. Each of the sheath 
members 51 and 52 preferably is designed to present to 
the structural member 16 a confronting surface con?g 
uration which follows and closely fits the structural 
member. The sheath members 51 and 52, .which may 
be made of glass ?ber-reinforced epoxy or other suit 
able materials, preferably are prepared by employing as 
a mold form a structural member having an external 
con?guration identical with that of the member 16, if 
such a member is available. In the alternative, the 
sheath members 50 and 51 can be prepared by conven 
tional molding techniques. 
As shown in FIG. 7, the external surface of the struc 

tural member 16 is preferably coated as at 55 with a 
suitable material which seals the structural member 
surface from the surrounding water and which provides 
a binder for subsequent application of the sheath mem 
bers. The coating 55 should be of a material which will 
become bonded to the structural member and to the 
subsequently-applied sheath member, and obviously 
should be capable of application in a submerged envi 
ronment as applicable; suitable coatings having these 
properties are provided by polyamide epoxy resins for 
mulated in a sufficiently liquid state to be applied by 
techniques such as brushing or rolling onto the exposed 
surfaces of the structural member 16. After the coating 
55 has been applied to the structural member 16, the 
confronting surface 56 of the sheath member 51, for 
example, is liberally coated as at 57 with a suitable seal 
ing and adhesive compound which may advantageously 
be provided bya polyamide epoxy resin having the con 
sistency of a gel to prevent the resin from flowing off 
the sheath member during the provess of installation 
onto the structural member. Once the coating 55 and 
the gel layer 57 have been appropriately applied, the 
respective sheath members 51 and 52 are placed in 
closely confronting contact with the structural member 
16. The sheath members are designed to provide re 
gions of overlap, one of which is shown at 58, along the 
regions where the two sheath'members join each other, 
and these overlap regions are supplied with an epoxy or 
other suitable adhesive which will bond the overlapped , 
regions of the sheath members to each other. 
After the two sheath members are disposed on the 

structural member 16, a number of straps 59 are pro 
vided at spaced positions along the length of the en 
sheathed structural member 16. These straps may be 
suitably provided by plastic webbing or other material 
of the type conventionally and economically used to 
strap boxes or other packages, since the straps 59 must 
function only to hold together the sheath members 51 
and 52 for the time required for the gel layer 57 and the 
coating 55 to set. This time typically is provided by the 
passage of one or two days, after which the sheath 
members 51 and 52, the structural member 16, and the 
intervening solidi?ed coatings for a unitary bonded 
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8 
together structural member having the strength of the 
original structural member 16 and also of the bonded 
sheath 50. Moreover, the water-repellent properties of 
the coating 55 and the gel layer 57, followed by the en 
closing presence of the sheath 50, completely isolate 
the structural member from subsequent exposure to the 
surrounding environment. In the instance of a struc 
tural member l6 installed in a marine environment, this 
means that the structural member is no longer exposed 
to wave action and the corrosive effects of a water~air 
environment. In the case of steel structural members 
exposed to a salt water environment, moreover,-the 
presence of a sheath 50 made of an electrically noncon 
ductive material such as glass fiber-reinforced polyes 
ter or the like effectively insulates the structural mem 
ber from electrolytic corrosion. 
A modified version of the embodiment as described 

with reference to FIGS. 7 and 8 is shown in FIG. 9, 
where the sheath 50 is provided by a pair of modi?ed 
sheath members 63 and 64 which have confronting 
flanges 65a, 66a and 65b, 66b, respectively, substituted 
for the sheath edges which are overlapped as shown at 
58 in FIG. 8. Application of the sheath members 63 and 
64 to the beam 16 of FIG. 9 is accomplished as de 
scribed previously with respect to the embodiment of 
FIGS. 7 and 8, with the difference that the installed 
sheath members 63 and 64 are secured in place by bolts 
or other suitable fasteners disposed through confront 
ing holes 69 in the adjacent flanges. It will be appreci 
ated that the bolted ?anges provide a function func 
tionally similar to that provided by the straps 59 of the 
FIG. 8 embodiment, namely, retaining the sheath mem 
bers 63 and 64 in place on the structural member 16 for 
the time required for the interposed adhesive material 
to become hardened and to bond together the sheath 
members and the structural member 16. 
Another modi?ed embodiment of the present inven 

tion is shown in FIG. 10, wherein ‘a sheath 73 com 
prised of separate sheath members 74 and 75 is shown 
installed on a structural member 76 comprised by a pil 
lar depicted as being of solid concrete and which may 
alternatively contain appropriate reinforcing structural 
steel, as is known to those skilled in the art. The sheath 
members 74 and 75 are provided in closely conforming 
relation to the external surface of the structural mem 
ber 76, in a manner analogous to the sheath members 
51 and 52 of FIG. 8. Prior to installing the sheath mem 
bers 74 and 75, the external surface of the structural 
member 76 is first suitably’ provided with an adhesive 
filler or coating and the interior surfaces of the sheath 
members are likewise provided with a suitable adhesive 
gel, analogous to the above-described embodiment de 
picted in FIG. 7. If the concrete pillar 76 has cracks or 
other external structural damage, these should be ?rst 
repaired by techniques such as pressure grouting or the 
like. It will be appreciated that the choice of adhesives 
is determined to some extent by the material of which 
the structural member 76 is made, since it is essential 
to provide a bond which combines the sheath 73 and 
the enclosed structural member 76 into an effectively 
unitary structural member. The straps 77 are provided 
as aforementioned to retain the sheath members 74 and 
75 in. place pending hardening of the adhesive. 

Still another modi?ed embodiment of'the present in 
vention is shown in FIG. 11, where an exposed exem 
plary H-beam 78 is provided with a surrounding cover 
79 having functional aspects both of a sheath and a 
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housing as aforedescribed. This surrounding cover is 
provided by a pair of substantially U-shaped cover 
members 80 and 81 which are adhesively bonded to the 
surfaces of H-beam ?anges 82 and 83 to define a pair 
of open ‘spaces 84 and 85 bounded by the l-l-beam and 
the respective cover members. After the cover mem 
bers 80 and 81 have become securely bonded to the H 
beam, the open spaces 84 and 85 are filled with a suit 
able structural material 86 in a plastic state, such as 
concrete or epoxy mortar, which is then allowed to 
harden. The resulting composite structure provided by 
the unitary combination of the H-beam 78, the sur 
rounding cover 79 bonded thereto, and the solidified 
filler material 86 provides a structural strength which. 
is greatly enhanced over that previously afforded by the 
l-l-beam per se. 
Yet another embodiment of the present invention is 

shown in FIG. 12 in partially exploded view attached to 
a structural member 90 depicted as a solid pillar of con 
crete. Surrounding the pillar 90 is a sheath comprising 
a pair of sheath members 91 and 92, with the sheath 
member 91 shown detached from the pillar 90 for illus 
trative purposes. Each of the sheath members 91 and 
92 is provided along the respective edges 93 and 94, 
which are lowermost as installed in place around the 
structural member 90, with seals 95 and 96, respec 
tively, preferably made of a resilient compressible ma 
terial such as open-cell sponge rubber or the like. lm 
mediately prior to installing the sheath members 91 and 
92 in place surrounding the structural member 90, the 
seals 95 and 96 are soaked or otherwise coated wth a 
suitable sealing material such as epoxy resin or the like. 
The sheath members 91 and 92 are then disposed 
around the structural member with the seals 95 and 96 
in confronting contact with the structural member to 
provide sealing contact between the structural member 
and the lower edges 93 and 94 of the respective sheath 
members. Sealing by epoxy resin or the like is also ac 
complished along the confronting edges of the sheath 
members 91 and 92, which are overlappingly sealed to 
gether as-shown at 58 in FIG. 8. An adhesive coating 
or adhesive gel, corresponding to the coating 55 and 
the gel layer 57 of FIG. 7, is omitted with respectto the 
initial installation of the sheath members 91 and 92 on 
the structural member 90, and it will be appreciated 
that the presence of the seals 95 and 96 on the sheath 
members as installed provides a discrete substantially 
annular space de?ned by the structural member 90 and 
the surrounding, spaced-apart sheath members 91 and 
92. Each of these sheath members is provided with a 
plurality of apertures 97 disposed at spaced-apart loca 
tions along the sheath length, and each of these aper 
tures is provided with a one-way valve 98 which is oper 
ative to permit the flow of fluid through the valve into 
the aforementioned annular space but which blocks 
fluid attempting to exit this annular. space. 
After the sheath members 91 and 92 have been se 

cured in position surrounding the structural member 
90, a suitable adhesive compound such as the afore 
mentioned epoxy resin and having a viscosity suitable 
to permit the compound to be ?owable, is injected into 
the surrounding annular space by way of the one-way 
valves 98. The adhesive compound injection may be 
accomplished with any suitable pressure-driven ar 
rangement such as a pump and interconnecting hose 
?tting; the hose ?tting would be ?rst attached to the 
lowermost one-way valve 98 and adhesive pumped into 
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the annular space to approximately ?ll such space to 
the level of the next one of the apertures and valves. 
The hose fitting is then connected to this next valve, 
and the filling process is repeated until the entire annu 
lar space is filled with the adhesive compound. If the 
filling process is being accomplished in an underwater 
environment, it will be appreciated that the adhesive 
must be heavier than water so that the adhesive will fill 
the annular space and displace the water therein up 
wardly as the adhesive filling progresses. ’ _ 

Although the pumped-adhesive embodiment of the 
present invention as depicted in FIG. 12 is shown in 
conjunction with a structural member of square or rect 
angular cross-section, it will be appreciated that this 
embodiment can be applied as well to the protection 
and reinforcement of other structural shapes. 
Although the foregoing relates to several disclosed 

embodiments of the invention disclosed and described 
herein, it will be apparent that numerous alterations 
and modifications thereof may be made without de 
parting from the spirit and the scope of the invention 
as described in the following claims. 
What is claimed is: 
1. The method of protecting 

‘comprising the steps of: 
preforming a rigid protective electrically nonconduc- ' 

tive sheath having a surface con?guration to ?t 
over and closely conform to only a ?rst portion of 
the surface con?guration on the structural mem 
ber, and to be spaced apart from a second portion 
of such surface configuration; 

interposing a plastic layer of solidi?able material be 
tween the first portion of the structural member 
surface and the conforming surface of the protec 
tive sheath; I 

disposing the protective sheath in closely conforming 
fit on the first portion of the structural member sur 
face, with the space between the ?rst portion of the 
structural member surface and the sheath conform 
ing surface being substantially occupied by the 
plastic material; " . 

?lling the region between said second portion of the 
' structural vmember surface and ' the protective 
sheath disposed thereover with a quantity of solidi 
fied material introduced in a plastic state; and 

establishing a structural bond mutually engaging the 
protective sheath and the structural member. 

2. Apparatus for protectively surrounding and en 
closing a structural member, comprising: 
a generally elongated electrically nonconductive uni 

tary hollow housing including an interior surface 
de?ning an internal opening to receive the struc 
tural member; - > 

said unitary housing comprised by a unitary wall 
which has substantial compressive strength and 
which is discontinuousalong the entire length of 
said housing; 

said unitary wall having ?exibility sufficient to be 
yieldingly opened along said discontinuity for plac 

' ing said housing in enclosing relationship with the 
structural member and to be closed to a predeter 
mined amount of overlap of said unitary wall along 
said discontinuity; 

anchor means disposed on said interior surface and 
extending therefrom a spaced distance into said in 
ternal opening, said anchor means comprising at 
least one rib extending said spaced distance into 

a structural member, ' 
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the internal opening and extending‘in a generally 
spiral path along at least a substantial part of the 
length of siad interior surface to provide structural 
engagement between said housing and a solidified 
material introduced in the space between said in~ 
terior surface and a structural member received 
therein. 

3. Apparatus as in claim 2, wherein: 
said unitary housing is substantially in the shape of an 
elongate hollow shell having an interior configura 
tion substantially greater in section than the corre 
sponding configuration of a structural member to 
be received therein. _ 

4. Apparatus as in claim 3, wherein: 
said hollow shell is of a fiber reinforced material; and 

said spiral rib includes at least one strand of fibrous 
material integrally formed with the interior surface 
of said hollow shell. ' 

5. System for reinforcing a structural member, com 
prising: 

a generally elongate structurally rigid electrically 
nonconductive unitary shell including an'interior 
surface de?ning. a hollow passage to receive a 
structural member; 

a rib member in structural communication with said 
interior surface and extending a spaced distance 
into said hollow passage, said spaced distance 
being less than the distance between said interior 
surface and a structural member to be received 
therein, and said rib member extending in a spiral 
path along a substantial part of the length of said 
unitary shell; 

spacing means disposed in said passage. extending 
substantially between said interior surface and the 
structural member to position said elongate unitary 
shell in predetermined spaced relation with respect 
to a structural member received therein; and 

a quantity of solidi?ed material introduced in a plas 
tic state to substantially occupy the entire space be 
tween said interior surface and a structural mem 

- ber received therein; ' 

said rib member in structural communication with‘ 
saidv interior surface being structurally engaged 
with .said solidi?ed material to establish a rigid 
structure including said unitary shell and said solid 
i?ed material therein. 

6. The system as in claim 5, wherein: 
said spacing means includes a plurality of members 
engaged with said unitary shell and extending 
therefrom into proximate relation with a structural 
member received therein. 

' 7. The system as in claim 5, wherein: 
said unitary shell is split along the entire length 
thereof to permit the shell to be opened along the 
split for disposition over a structural member; 

a joint defined along the length of said unitary shell 
by overlapped shell portions adjacent said split; 

abutment means positioned on said shell a distance 
spaced from said split to define the extent of maxi 
mum overlap of said joint; and 

means securing together'said overlapped shell por 
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12 
tions. 

8. Structural support system, comprising: 
a structural member; 
a structually rigid elongate electrically nonconduc 

tive unitary shell including an interior surface de 
fining a hollow passage and positioned in surround 
ing spaced apart relation with said structural mem 
ber; > _ 

a quantity of solidi?ed material occupying the space 
between said interior surface and said structural 
vmember; ' 

at least one rib structurally secured on said interior 
surface and extending in a spiral path along at least . 
part of the length of the unitary shell, said‘rib hav 
ing a dimensional component positioned in sub 
stantially transverse relation with a load-bearing 
dimension of said structural member; , 

means disposed in structural communication with 
said structural member and extending into said pas 
sage a spaced distance; ' ' ' 

said rib and means being surroundingly disposed in 
said solidi?ed material to combine said unitary 
shell, said structural member, and said solidi?ed 
mass into a unitary structural article. 

9. The structural support system of claim 8, further 
comprising: . 

spacing means disposed in said passage and extend 
ing between said interior surface and said struc 
tural member to position said structural member in 
predetermined relation with respect to said unitary 
shell. 

10. The structural support system of claim 9, 
wherein: . 

said spacing means includes a plurality of members 
secured to said unitary‘shell and extending there 
from into proximate relation with said structural 
member. I _ 

11. The structural support system of claim 9, 
wherein: _ ' 

said spacing means includes a plurality of members 
secured to said structural member and extending 
therefrom into proximate relation with said unitary 
shell. ' 

12. The structural support system of claim 8, 
wherein: . ' ‘ 

said unitary shell is shaped to de?ne said interior sur 
face as a closed curved surface; and 

said rib extends along the length of said closed 
curved surface in a generally spiral path. 

13. Apparatus as in claim 2, wherein: 
said unitary housing is a hollow elongate unitary shell 
having an interior diameter greater than the corre 
sponding con?guration of a structural member to 
be received therein; and 

said unitary shell is severed along its entire length to 
form said discontinuity. 1 

14. Apparatus as in claim 13, wherein said unitary 
shell is substantially cylindrical, and said cylindrical 
unitary shell is severed’ along its entire length on‘a line 
substantially parallel with the cylindrical'axis of the 
shell. 


