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BODY FLUID ABSORBENT SANITARY ARTICLE 

This invention relates to body fluid absorbent sanitary 

article such as a disposable diaper, a sanitary napkin,- a 

liquid-absorben~ pad for an incontinent ~~tient or the like. 

Japanese Patent Application Publication No. 19 9 9-318 9 7 6A 

describes a disposable diaper comprising a _liquid-pervious 

topsheet, a liquid-iinpervious backsheet and a liquid-absorbent 
. . - . 

core disposed between these two sheets, longitudinally 

configuring front and rear waist regions and a crotch region 

extending between these two waist regions, wherein t_he dia~e:i::: 

is formed over its approximate rear half as viewed 

longitudinally thereof with a "plurality of ridges made of 

absorbent material covered with a liquid'-pervious sheet. The 

ridges transversely extend on the: inner surface of the diaper 

and each pair of the adjacent _ridge~ are longitudinally ~paced 

apart from each other by a predetermined dimension. With such 

known diaper, the ridges serve as barriers to restrict or 

prevent e~cretion from flowing forwardly of the diaper and at 

the, same time to prevent excretion from leaking rearwardly of 

the· diaper. 

The Publication describes that the. preventive- ·effect for 

rearward leakage of excretion can be significantly improved 
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since the absorbent material of the ridg.es is able to absorb 

moisture·contained in excretion. However, it is impossible for 

the absorbent material of the ridges to absorb solid substances 

contained in excre.tion of high viscosity such as loo~e passage 

or liquid feces. Consequently, such solid components may stay 

on the outer surface of the topsheet exposed between each pair 

of the adjacent ridges or on th~ outer surface of the 

liquid-pervious sheet covering the . rid9es and these solid. · · 

components may stick to a weareris skin. 

It is an object of this invention is to provide a body 

fluid absorbent sanitary article adapted to minimize an anxiety 

that excretion of high viscosity such as loose passage, liquid 

feces or menstrual discharge might stick to a wearer's skin. 

According to this invention, ~here is provided a body 

fluid absorbent sanitary ar~icle comprising an absorbent 

structure which includes an absorbent core and an absorbent 

upper panel which is formed with. a fibrous web having a 

compressive recovery elasticity and attached to an upper 

surface of the absorbent structure, the absorbent upper panel 

having a plurality of openings extending through the absorbent· 

upper panel in a thickness direction thereof and spaced one from 

another in a direction intersecting the '.thickness direction and 
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a wall defining each of the openings wherein the wall has a fiber 

density grade which is higher in an upper r~gion of the wall 

and lower in a lower region of. the wall lying adjacent an upper 

surface of the absorbent structure. 

The body fluid absorbent sanitary article according to 

this invention enables high viscosity excretion such as loose 

passage, liquid feces and menstrual discharge t9 flow into the 

oi;>enings of the absorbent upper panel without permeating into 

the high density fibrous layer of the wall. Within the openings, 

most of a moisture content of the high viscosity excretion 

permeates through the topsheet into the absorbent structure and 

partially permeates into the low density fibrous layer. The 

portion of the moisture content having permeated into the low 

density fibrous layer moves from the low density fibrous layer 

toward the upper surf ace of the absorbent structure and 

permeates through the upper surf ace into the absorbent 

structure. Within the openings, a solid content of the high 

viscosity excretion pe~eates into the low density fibrous 

layer. In this manner, there is no anxiety that the high 

viscosity excretion m~ght stay on th~ top surface of the panel. 

In other words, the high viscosity excretion is normally spaced 

apart from the wearer's skin and a possibility that the high 

viscosity excretion may stick to the wearer's skin can be 
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minimized. Even if the panel is collapsed under the wearer' s 

body weight, th~ high viscosity excretion is prevented by the 

high density fibrous layer of the wall from flowing back to the 

top surface of the panel. 

Urine is absorbed by the high density fibrous layer of_ 

the wall and gradually permeates from the high density fibrous 

layer into the low density fibrous layer. Then, urine flows 

from the low density fibrous layer toward the upper surface of 

the absorbent structure and permeates through the upper surf ace 

into the structure. Within the openings, most of urine 

permeates through the upper surface into the structure and 

partially permeates into the low density fibrous layer. The 

portion of .urine having permeated into the low density fibrous 

layer flows from the low density fibrous layer toward the upper 

surface of the absorbent structure and permeates through the 

upper surface into the structure. 

Fig. 1 is a perspective view depicting a partially cutaway 

diaper as one embodiment of this invention; 

Fig. 2 is a sectional view taken along line A - A in Fig. 

1; 

Fig. 3 is a fragmentary sectional view of an ab~orbent 

panel and a topsheet schematically illustrating a flow of loose· 
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passage; and 

Fig. 4 is a view similar to Fig. 3 schematically 

illustrating a flow of urine. 

Details of a disposable diaper as an example of a body 

fluid absorbent sanitary article according to this invention 

will be more fully understood from t_he description given 

hereunder with reference to the accompanying drawings. 

Fig. 1 is a perspective view depicting a partially cutaway 

diaper 10 and Fiq. 2 is a sectional view taken along line A -

A in Fig. 1. The diaper 10 comprises an absorbent structure 

including a liquid-pervious topsheet 11 made of a hydrophilic 

nonwoven fabric, a liquid-impervious backsheet 12 and a 
liquid-absorbent core 13 disposed between these two topsheet 

11 and the backsheet 12 and joined to at least one of these two 

sheets 11, 12. The diap~r 10 configurationally comprises a 

front waist region 19 (first region), a rear waist region 21 

(second region) and a crotch region 20 (intermediate region) 

extending between these front and rear waist regions 19, 21. 

The diaper 10 is contou~ed by transversely opposite side e~ges 

lOa lo·ngitudinally extending parallel to each other and curving 

inwardly of the diaper 10 so as to describe circular arcs in 

the crotch region 20 and longitudinally opposite ends lOb 
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transversely extending parallel to each at.her. 

The diaper 10 is provided along.the transversely opposite 

side edges lOa with longit,udinally extending thread-like 

elastic members 15 joined under tension thereto to be associated 

with leg-openings. The diaper 10 is further provided along the 

longitudinally opposite ends lOb with transversely extending 

elastic members 16 disposed between the topsheet 11 and·the 

backsheet 12 and joined under tension to at least one of these 

sheets 11, 12 to be associated with a waist-opening~ The diaper 

· 10 is provided immediately outside transversely opposite side 

edges 13a with a pair of liquid-barrier cuffs 14 being spaced 

. apart from each other and longitudinally extending parallel to 

each other. 

A rectangular mat-like absorbent upper panel 1 is 

attached to the outer surface of the topsheet 11 so that its 

longer sides may be oriented longitudinally of the diaper 10. 

The absorbent upper panel 1 lies above a zone of the core 13 

defined between the respective cuffs 14 so as to extend across 

the rear waist region 21 and the crotch region 20 of the diaper 

10 and has its bottom surface joined to the outer surface.of 

the topsheet 11 with an adhesive agent or heat-sealing. 

The absorbent upper panel 1 is made of a fibrous web which 

is elastically recoverable from compressed state and has a 
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plurality of square op.enings 2 extending through the absorbent 

upper panel in its thickness direction and a frame-like wall 

3 defini~g the respective openings. 2. 

The openings 2 are spaced one from another obliquely of 

the transversely opposite side edges lOa as well as the 

longitudinally opposite ends lOb. The wall 3 comprises a 

plurality 0£ first ribs 3A and a plurality of second ribs 3B. 

The first ribs 3A extend between each pair of the adjacent 

openings 2 and are spaced one from another obliquely of the 

transversely opposite side edges lOa as well as the 

longitudinally opposite ends lOb of the diaper 10. ·Arrangement 

of the second ribs 3B is similar to the arrangement of the first 

ribs 3A except that they are spaced one from another in the 

oblique direction which is orthogonal to the first ribs 3A. 

Each of the openings 2 formed in the absorbent upper panel 

1 is defined by a pair of the adjacent first ribs 3A and a pair 

of the adjacent second ribs 3B intersecting the pair of the 

adjacent first ribs 3A. Each of the ribs 3A, 3B has a low density· 

fibrous layer 3a overlying the outer surface of the topsheet 

11 and a high density fibrous layer 3b overlying the low density 

:fibrous layer 3a. The layer 3a h~s a :fiber density lower than 

a fiber density of .the layer 3b as well as a fiber density of 

the topsheet 11. 
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The diaper 10 is provided on the transversely opposite 

side edges lOa in the rear waist region 21 with respective 

proximal ends of tape fasteners 18 so that these tape fasteners 

18 may extend transversely inward. In the front waist region 

19, a rectangular target tape strip (no~ shown) is attached to 

the outer surf ace of the backsheet 12 so that the tape fastener 

18 may be anchored on this target tape strip. 

The barrier cuffs 14 lie immediately outside the 

transversely opposite side.edges 13a of the core 13 and ~ach 

of these barrier cuffs 14 has a fixed side edge portion 14a fixed 

to the outer surf ace of the topsheet 11 and extending 

longitudinally of the diaper 10, a free side edge portion 14b 

lying in the crotch region 20 and extending inward transversely 

of the diaper 10 under a biasing effect tending to raise the 

free side edge portion 14b on the diaper 10, and longitudinally 

opposite fixed ends 14c collapsed inward transversely of the 

diaper 10 and fixed, in such state, to the outer surface of the 

topsheet 11 in the front and rear waist regions 19, 21, 

respectively. A longitudinally extending elastic member 17 is 

joined under tension to the free side edge portion 14b of the. 

cuff 14 so that a portion of the free side edge portion 14b may 

cqvers the elastic member 17. 

Referring to Fig. 1, the diap~r 10 longitudinally curves 
I 
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with its inner surface inside and the elastic members 15, 16, 

1 7 relieved of tension to form gathers c:i.long the transversely 

opposite side edges lOa as well as the longitudinally opposite 

ends lOb and the respective free side edge portions 14b of the 

cuffs 14. In this state of the diaper 10, the topsheet 11 

cooperates with the cuffs 14 to form a pair of pockets P opening 

inward transversely of the diaper 10. 

The tape fasteners 18 have their inner surfaces coated 

on their free ends with a pressure-sensitive adhesive agent and 

may-be anchored on the target tape strip with the pressure­

sensitive adhesive agent to form the waist-opening and the 

leg-openings (not shown) of the diaper 10. 

Transversely opposite side edges lla of the topsheet 11 

extend laterally outward slightly beyond the transversely 

opposite side edges 13a of the core 13 and the transversely 

opposite side edges 12a of the backsheet 12 as well as 

tra.nsversely outer edges of the respective cuffs 14 extend 

further beyond the transversely opposite side edges lla of the 

topsheet 11. The transversely opposite side edges lla of the 

topsheet 11 are disposed between the transversely opposite side 

edges 12a.of the backsheet 12 and the transversely outer side 

edges 14d of the respective cuffs 14 and are joined to at least 

one the backsheet 12 and the cuffs 14. The transversely 
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opposite side edges 12a of the backsheet 12 and the transversely 

outer side edges 14d of the respective cuffs 14 are placed upon 

and joined to each other. The elastic members 15 associated 

with the legs are disp~sed between the transversely opposite 

side edges 12a of the backsheet 12 and the transversely opposite 

side edges 14d and are attached to at least one of these side . . 

edges 12a, 14d. In the vicinity of the longitudinally opposite 

ends lOb of the diaper 10, respective portions of the topsheet 

11, the backsheet 12 and the cuffs 14 extending longitudinally· 

outward from longitudinally opposite ends 13b of the core 13 

are placed upon and joined to one another. 

Fig. 3 is a fragmentary sectional view of the panel 1 and 

the topsheet 11 schematically illustrating a flow of loose 

passage and Fig. 4 is a view similar to Fig. 3 schematically 

illustrating a flow of urine, in which an arrow x indicates flow 

of loose passage and an arrow Y indicates flow of urine~ As 

will be apparent ·from Fig. 3, it is difficult for loose passage 

discharged onto the frame-like wall 3 t,o permeate into a high 

density fibrous layer 3b due to a relatively high viscosity and 

such loose passage ·tends to stay on a top surface of the 

frame-like barrier 3 • However, loose passage gradually flows 

from the top surface into the openings 2 as the wearer's skin 

and the top surf ace of the wall 3 repeatedly rub against each 
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other, as indicated by the arrow x. Within the openings 2, 

moisture content of loose passag·e permeates into the topsheet 

11 and is absorbed by the core 13 while solid content of loose 

passage still staying within the openings permeates together 

with a portion of the moisture content into a low density fibrous 

layer 3a. The fibrous layer 3-a has a fibrous density lower than 

that of the fibrous layer 3b and fibrous interstices 

sufficiently wider than those of the fibrous, layer 3b to 

facilitate even the solid content of loose passage to permeate 

into the fibrous layer 3a. The moisture content of loose 

passage having permeated i:Qto the low density fibrous layer 3a 

then flows from this low density fibrous layer 3a toward the 

topsheet 11 and permeates through the topsheet 11 into the core 

13. The moisture content is absorbed by the core 13 and the 

solid content permeates into the low density fibrous layer 3a. 

In this ·manner, loose passage is .reliably spaced apart from the 

wearer's skin. 

As illustrated in Fig. 4, urine discharged onto the panel 

1, specifically onto the top surface of the wall 3 permeates 

into .the high density fibrous layer 3b, spreads therein and then 

gradually permeates from the high density fibrous layer 3b into 

the low density fibrous layer 3a. Urine discharged into the 

openings 2 reaches the topsheet 11 and permeates this into the 
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core 13. In the course of permeating through the topsheet 11, 

a portion of use still staying within the openings 2 permeates 

through the low density fibrous layerJa of the wall 3 to the 

topsheet 11 and permeates through the topsheet 11 into the core 

13. 

A capillary effect in the topsheet 11. is higher than that 

in the low density fibrous layer 3a since the topsheet 11 has 

a fibrous densityhiqher than that of the low density fibrous 

layer 3a. Such c:apillary effect in the topsheet 11 cooperate• 

with an absorbency of the core 13 to guide the moisture content 

of loose passaqe and urine from the low density fibrous layer 

3a toward the topeheet 11. 

The· barrier 3 of the absorbent upper panel 1 has a 

thickness L ·of 2 ... 30 nan. The thickness L smaller than 2 mm 

would decrease a receiving capacity of the 1011 density fibrous 

layer 3a ot the panel l for loose passage so that the low density 

fibrous layer 3a could not receive the entire eolid content of 

loose passage. The thickness I. more than larqe: than 3 O mm would 

make the wall 3 of the panel 1 bulky so tha_t the wearer might 

experience a feeling of dis~omfort when tha diaper 10 is put 

an the voaror'A body. 

Of the wall- 3, the lcw density fibrous laye:c 3a has a fiber 

basis weight of 30 ... 45 q/m2 and a fibe:r: density of 0. 01 ... 0. 03 
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g/cm2, and the high qensity fibrous layer 3b has a fiber basis 

weight of 45 - 300 g/m2 and the high density fibrous layer 3b 

has a fiber density of 0.03 - 0.10 g/cm3
• 

If the low density fibrous layer 3a has a fiber basis 

weight less than 30 g/m2 and a fiber density less than O. 01 g/cm3
, 

a strength of the wall _3 will be decreased so that the barrier 

3 may be easily collapsed under the wearer's body weight and· 

loose passage may flow back from the low density f i:brous layer 

3a. If the low density fibrous layer 3a has a fiber basis weight 

exceeding 45 g/mz. and a fiber density exc~eding 0.03 g/cm3
, the 

fibrous interstices of the low density_ fibrous layer 3a will 

become dense and obstruct the solid content of loose passage 

from smoothly permeating into the low density fibrous layer 3a. 

If the high density fibrous layer 3b has a fiber basis 

weight less than 45 g/m2 and a fiber density of 0.03 g/cm3
, the 

fibrous interstices will become too coarse to prevent the solid 

content of loose passage from permeating into the high density 

fibrous layer 3b. With the solid content having permeated into 

the high density fibrous layer 3b, the solid content may turn 

back_ from the high density fibrous layer 3b to the top surface 

o! the panel 1 as the wall 3 is compressed under the wearer's. 

body weight. If the high density fibrous layer 3b has a fiber 

basis weight exceeding 300g/m2 and a fiber density exceeding 
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0.10 g/cm3
, a stiffness of .the high density fibrous layer 3b 

will be increased and the high density fibrous layer 3b may 

uncomfortably stimulate the wearer•- s skin. 

In the wall 3, the low de~sity fibrous layer 3a has a fiber 

fineness of 2.2 - 6.5 dtex·and the high density fibrous layer 

3b has a fiber fineness of O. 5 - 2. 2 dtex. The relatively high 

fiber fineness of the high density fibrous· layer 3b enables this 

fibrous layer 3b to have the correspondingly dense fiber 

interstices. 

Each of the openings 2 has an opening area of 10 - 1600 

mm.2 and its occupancy ratio per unit area of the panel 1 is 20 

- 80 %. If the opening area is less than 10 mm.2 and the occupancy 

ratio is less than 20 %, a receiving capacity of the openings 

for loose passage will be decreased and it will be impossible 

for the solid content of loose passage to be rapidly guided from 

the openings 2 into the low density fibrous layer 3a. 

Consequently, loose passage may stay on the top surf ace of the 

panel .1. If the opening area exceeds 1600 mm2 and the occupancy 

ratio exceeds 80 % , a strength of the barrier 3 will be decreased 

and the barrier 3 may be easily collapsed under the wearer's 

body weight. 

The panel 1 has a compressive modulus represented by an. 

equation of (a thiqkness under a load of 35 g/cm2
) + (a thickness 
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under a load ot 2 g/cm2
) X 100 = 20 - 80 % • · With the comi;>ressive 

modulus less than 20 %, the wall 3 having been collapsed under 

the wearer's body weight would be unable to recover its initial 

state, resulting in a decreased receiving capac~ty of the low 

density fibrous layer 3a for loose passage, and it would be 

apprehended· that loo~e passage might turn back from the low 

density fibrous layer 3a into which the_ loose passage ··has 

permeated. With the compressive modulus exceeding 80%, on the 

contrary, a stiffness of the wall 3 will increase and 

uncomfortably st'imulate the wearer's skin. 

It is possible to coat the top surface of the wall 3 with 

suitable water repell~nt. Coating with the water repellent 
I 

' 
ensures that an amount of excretion having permeated from the 

openings into the low density fibrous layer 3a and the high 

density fibrous layer 3b is reliably prevented from exuding back 

to the top surf ace of the wall 3. While the panel 1 is 

illustrated to extend across the rear waist region 21 and the 

crotch region 20, it is possible for the panel 1 to extend also 

into the front waist region 20. 

An example of the absorbent panel 1 is made by a process 

compris.ing steps of discharging and dispersing short fibers of 

thermoplastic synthetic resin in air, accumulating these short 

· fibers on a mov.ing conveyor provided with a plurality of pins 
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.. 
shaped in conformity of the openings so as to form a fibrous 

web, and subjecting the fibrous web on the moving conveyor to 

hot blast so that the short fibers may be fused together. 

Another example of the panel 1 is made by a process 

comprising the steps of discharging molten thermoplastic 

synthetic resin from spinning nozzle, blasting air streams from 

gas spouts blast provided on_ both sides of the nozzle lip so 

that the molten synthetic resin may be spun by the air streams 

into superfine fibers, and collecting these spun fibers on a 

meshy moving co·nveyor. On the conveyor, the fibers are 

entangled and fused-together by heat of the fibers themselves 

to form a fibrous web. Subsequently, the fibrous web is 

compressed.by pressure rollers before or after cooled so that 

the fibrous web may be compress·ion molded in a substantially 

uniform thickness. 

The fiber used to form the panel 1 may be selected from 

a group including polyolef ine-based fiber such as polypropylene 

or polyethylene fiber, polyester-based fiber such as 

polyethylene terephthalate polybutylene terephthalate, 

polyamide-based fiber such as nylon 66 or nylon 6, acryl-based 

fiber, cellulose-based fiber such as pulp, rayon or acetate, 

and superabsorption· polymer fiber~ It is also possible to 

disperse super absorption polymer · particles in fiber 
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interstices of the fibrous web so that these polymer grains may 

be held therein. The openings 2 are not lim.i ted to the square 

shaped openings as illustrated but may be also provided in the 

other shape such as a circular, oval rectangular or triangular 

shape. 

The structure of the panel 1 is not limited to the 

combination of the low density fibrous layer 3a and the high 

density fibrous layer 3b. It is also possible to adjust the 

. fiber density of the wall 3 to increase continuously or 

discontinuously from the vicinity of the topsheet 11 toward the 

top surface. In the panel 1 of such alternative arrangement, 

the wall 3 preferably has a fiber basis weight of 30 - 300 g/m2 

and a fiber density of 0.01 - 0.1 g/cm3
• The fiber density of 

the barrier 3 in the vicinity of the topsheet 11 is preferably 

lower than that of the topsheet 11. 

The backsheet 12 and the cuffs 14 may be formed with a 

hydrophobic nonwoven fabric, a liquid-impe.rvious plastic film 

or a laminated sheet consist~ng of hydrophobic nonwoven fabric 

and a plastic film, preferably by a breathable but liquid­

impervious sheet. It is ·also possible to use, as the stock 

material for the backsheet 12 and the cuffs 14, a composite 

nonwoven fabric (SMS nonwoven fabric) comprising a melt blown 

nonwoven fabric having a high water-resistance of which the 
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opposite sheet surfaces are sandwiched between sheet surfaces 

of a melt blown nonwoven fabric having a high strength and a 

high flexibility. 

The nonwoven fabric may be selected from a group including 

a spun lace nonwoven fabric, a needle punch nonwoven fabric, 

a melt blown nonwoven fabric, a thermal bond nonwoven fabric, 

a spun bond nonwoven fabric and a chemical bond nonwoven fabric. 

The component fiber of the nonwoven fabric may be selected 

from a group including polyolef ine, polyester and polyamide 

fibers and conjugated fiber of polyethylene/polypropylene or 

polyester. 

The core 13 may be formed with a mixture of fluff pulp 

and high absorption polymer particles compressed to a desi~ed 

thickness and then entirely covered with a water-pervious sheet 

(not shown) such -as tissue paper. 

Joining of the core 13 to the sheets 11, 12, bonding of 

the sheets 11, 12 as well as the barrier cuffs 14 and attachment 

of the elastic members 15, 16., . 17 may be caz::ried out using a 

suitable adhesive agent such as a hot melt adhesive agent or 

a pressure-sensitive adhesive agent or a heat-sealing 

technique. 

This invention is applicable not only to the disposable 

diaper 10 but also to a sanitary napkin or a liquid-absorbent 
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pad for incontinent patient or the like. 
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WHAT IS CLAIMED IS: 

1. A body fluid absorbent sanitary article comprising an 

absorbent structure which include an absorbent core and an 

absorbent upper panel which is formed with a fibrous web having 

a compressive recovery elasticity ·and attached to an upper 

surface of said absorbent structure, said absorbent upper panel 

having a plurality of openings extending through said absorbent 

upper panel in a thickness direction thereof and spaced one from 

another in a direction intersecting said thickness direction 

and a wall defining each of said openings wherein said wall has 

a fiber density grade which is higher in an upper region of said 

wall and lower in a lower region of said wall lying adjacent 

an upper surface of said absorbent structure. 

2. The sanitary article according to Claim 1, wherein the 

upper surface of said absorbent structure has a fiber density 

higher than that in the lower· region of said wall. 

3. The sanitary article according to Claim 1, wherein said 

wall comprises a low density fibrous layer lying in vicinity 

of the upper surf ace of said absorbent structure and a high 

density fibrous layer overlying said low dens~ty fibrous layer. 
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4. The sanitary article according to Claim 1, wherein said 

wall has a thickness of 2 - 30 mm. 

5. The sanitary article according to Claim 1, wherein most 

of fibers forming said low density fibrous layer h~s a fineness 

of 2~2 - 6,.5 dtex and most of fibers forming said high density 

fibrous layer has a fineness of 0.5 - 2.2 dtex. 

6. The sanitary article according to Claim 1, wherein each 

of said openings· has an opening area of 10 - 1600 mm2 and an 

occupancy ratio of 20 - 80 % per unit area of said panel. 

7. The sanitary article according to Claim 1, wherein said 

absorbent upper panel has a compressive modulus represented by 

an equation of (a thickness under a load of 35 g/cm2 
) + (a 

thickness under a load of 2 g/cm2
) X 100 = 20 - 80 %. 

8. The sanitary article according to Claim 1, wherein said 

absorbent structure comprises a liquid-pervious topsheet~ a 

liquid-impervious backsheet and a l'iguid-absorbent core 

disposed therebetween to define a first region, a second region 

and an intermediate region extending said first and second 

regions, and said absorbent upper panel being put on an upper 
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surface of said topsheet. 

9. . The sanitary article according to Claim 1, wherein said 

topsheet is made of a hydro.philic nonwoven fabric and defines 

the upper surface of said absorbent structure. 


