Title of Invention: METHOD FOR ALTERNATELY CONSTRUCTI NG
UNDERGROUND VERTI CAL  MEMBERS USING TOP-DOAM CONSTRUCTI ON

METHOD

TECHNI CAL FI ELD

[1] The present invention is provided to shorten a period of
underground frame construction in top-down construction
net hod, and nore specifically, provides a construction nethod
for alternately constructing underground vertical nenbers
dowmnward to lower levels and then constructing renaining
vertical nenbers during the same tine period after mat and
foundati on construction, thus making it possible to shorten a
construction period of the vertical nenbers and an overall

construction period.

BACKGROUND

[ 2] The top-down construction nethod is a construction
nmet hod for shortening the construction period by constructing
frames on the above-ground l|levels while formng the franes
downward to the underground | evels.

[ 3] The general order of the top-down construction method
for the wunderground level includes installing an earth
retaining wall and pillars, excavating each |evel, and then
constructing the |ast | owest foundation or mat while
constructing a slab downward to have a depth of 4th to 7th
under ground | evel s.

[ 4] Among the underground vertical menbers, the piles



(pillar posts) are constructed at an initial stage of
construction, a core part of one wunderground Ilevel is
constructed for the frame construction of the above-ground
| evel (superstructure), and the remaining vertical nenbers are
constructed in order (from a lower |level to an upper |evel)
after placing the foundation or the nmat.

[ 5] At this time, although the frame construction of the
above-ground level is constructed during the sane tinme period
with the underground level, the nunber of levels that go up
before the foundation and mat construction, and the nunmber of
| evel s that go up until the conpletion of the construction of
the wunderground vertical nenbers are structurally limted.
For exanple, construction constraint conditions are given in
whi ch construction of the slab only up to the 8th level is
allowed wuntil the foundation and the nmat are placed,
construction of the slab only up to the 15th level is allowed
until construction of the wunderground vertical nenbers is
conpl eted, and construction of the roof Ilevel is allowed
Wi thout restrictions after construction of the underground
vertical nmenbers is conpleted.

[ 6] Therefore, if the frame construction period of the
underground | evel increases, the above-ground |evel frame has
to be constructed only up to the 8th or 15th |evel, and then
the construction stops and waits. Conversely, if the frame
construction of the wunderground level 1is accelerated, the
frame construction of the above-ground level wll also be

accelerated, so that the overall construction period is



greatly affected by the underground | evel work.

[ 7] In particular, for the construction of the above-ground
|l evel frame, it takes 6 to 7 days for one |level to construct

one reference level, so that nore than four Ilevels are
constructed in one nonth, but for the construction of the
underground level frame, it takes 1.5 or 2 nonths for one
| evel, so that a construction speed of the underground |evel

is relatively slow.

[ 8] The problens in the conventional top-down construction
met hod are as foll ows.

[ 9] The conventional construction order of the underground
construction includes constructing the earth retaining wall,

the post, excavation of each |level down, slab construction of

each level, foundation or mat construction of the |owest

level, and the construction of the wunderground verti cal

menbers upward in a sequence.

[10] Here, the underground vertical nenber has a feature that

it proceeds in a sequence (construction from the |ower |evel

to the upper level) after the foundation or the mat is placed.
The construction period of the underground vertical nenbers
takes 20 to 25 days for one level, so that it takes 4 to 5
nont hs for the six underground | evels.

[11] The wunderground vertical nenbers are constructed in a
sequence (down-top) after the foundation or the mat is placed.
Since the above-ground |evel can continue to go up after the
underground vertical nenbers are conpleted, the underground

vertical nmenber is a critical path that determnes the



construction period.

[12] On the other hand, the construction speed of the
construction of the above-ground |level frane is fast, with a
cycle of 6 to 7 days for one level, while the nunber of
|l evels that can go up to the tinme point of placing of the
underground level mat (for exanple, the 8th above-ground
|l evel) and the nunber of levels that can go up to the
conpletion time point (15th above-ground |level) of the
under gr ound verti cal menber S [imted. Therefore
construction stops and construction waiting occurs at an
i nflection point of the 8th and 15th above-ground | evels.

[13] During the ~construction period of the underground
vertical nenbers, it is necessary to achieve a condition that
the construction of each level has to be carried out
continuously and smoothly w thout tenporal flexibility. |If
even one |evel i's del ayed, the above-ground | evel
construction will be delayed by that nuch. Therefore, the
exi sting construction nethod, in which the wunderground
vertical nenbers have to be continuously and snoothly
constructed in a short period of tinme, has a very high risk
of del ay.

[14] The top-down construction nethod has an advantage of
shortening the construction period by constructing the above-
ground level while constructing the wunderground |Ievel
However, according to the structural constraint that the
above-ground | evel cannot go up to nore than a certain nunber

of levels depending on the construction speed of the



underground | evel, the construction period is greatly
affected by the construction of the underground |evel frane.
[15] Related applications are as foll ows.

[16] Application No./Date 1020110024619 (March 18, 2011),
Appl i cant Hanbi t Structure Engi neering Co. , Ltd.,
Regi stration No./Date 1012420170000 (March 5, 2013), Title of
I nvention Sinultaneous construction nethod of ground and
under ground structure using ground core pre-construction and
latticed lintel beamin core.

[17] Construction method

[18] Application No. 1995-0003110, Application Date February
18, 1995, Method of simultaneously constructing frameworks
for floors and underground | evels of a building.

[19] Application No. 10-2003-0037296, Application Date June
10, 2003, Sinultaneous construction nethod of building having
m xed structure of reinforced concrete construction and steel
framed reinforced concrete structure.

[20] Application No. 10-2011-0087835, Application Date August
31, 2011, Registration No. 10-1101182, Registration Date
Decenber 26, 2011, Top-down nethod of underground structure.
[21] Application No. 10-2013- 0004918, Appl i cation Dat e
January 16, 2013, Registration No. 10-1426511, Registration
Date July 29, 2014, Tenporary skeleton system wused in
constructing an underground structure of a building and a
top-down wunderground construction nethod using a tenporary

skel eton system



SUMMARY OF | NVENTI ON

Techni cal Probl em

[22] The present invention was created to solve the problens
of the prior art as described above, and an object thereof is
to shorten the <construction period of the underground
vertical nenbers using a top-down construction method so that
the above-ground | evel franme construction can be continuously
carried out. Accordingly, the overall construction period is

short ened.

Solution to Probl em

[23] In order to achieve the above object and solve the
problems of the prior art, a mnmethod for alternately
constructing underground vertical nenbers according to the
pr esent I nvention I ncl udes alternately constructing
underground verti cal menbers  downward, and thereafter,
constructing the remaining vertical nenbers during the sane
time period by being distributed between the previously

constructed vertical nenbers.

Advant ageous Effects

[24] According to the present invention, the follow ng
effects can be expected.

[25] The construction period is shortened by pre-constructing
a nunber of underground vertical nenbers on the overal
process table and excluding them from the main process line

(critical path) that determ nes the construction period.



[26] By alternately constructing underground vertical nenbers,
a buckling length of the pillar is shortened, allow ng nore
above-ground |levels to be constructed, thereby shortening the
overall construction peri od.

[27] If the vertical nenbers are alternately constructed, the
remai ning portions which are constructed upward can be
constructed during the sanme time period, thereby shortening
the overall construction period.

[28] Since the underground verti cal menber s can be
constructed early after the construction of the correspondi ng
| evel slab, there is less room for construction delay and
thereby the overall construction period is not del ayed.

[29] The construction period can be further shortened by
constructing only the reinforcing bar assenbly first and
pl aci ng concrete during the same tinme period.

[30] In the prior art, after placing of the mat, the 6th
underground |evel vertical nenber is constructed, and then
the 5th underground level, the 4th underground I|evel, the
third underground |evel, and the second underground |evel are
constructed in a sequence. Accordingly, in the prior art, it
took a total of 125 days to construct 5 levels in a sequence
in a case of 25 days per |evel. However, according to the
present invention it takes only 25 days by constructing the
6th underground level, the 4th wunderground level, and the
second underground level during the sanme tinme period which
are the even-nunbered levels after the mat is constructed

because the odd-nunbered |evels have already been conpleted



before the mat is placed. As a result, in the prior art, it
took 125 days after the mat is placed, but according to the
present invention, it takes 25 days, so that as a result
about 100 days are shortened.

[31] According to the present invention, it exhibits an
effect of shortening the construction period of about 3
nont hs (about 8% of the total construction period) for 36
nonths conpared to 39 nonths in an office building with 6
underground | evel s and 39 above-ground | evel s.

[32] The reduction of the overall construction period in the
office and officetel bui | di ngs, and the |like reduces
construction costs such as construction managenment costs and
on-site expenses from the construction conpany side, and has
a high economc effect that early sales, rental incone,
addi ti onal sales (25% of annual sales), and the |like fromthe

bui | di ng owner’ s si de.

BRI EF DESCRI PTI ON OF THE DRAW NGS

[33] FIG 1 is an overall flow chart of a nmethod for
alternately constructing under gr ound verti cal menber s
according to the present invention.

[34] Figs 2 and 3 are exanples of process tables of an office
building of the 39th level in a nethod for alternately
constructing underground vertical nenbers according to the
present invention.

[35] FIG 4 is an enlarged process table of an underground

vertical mnmenber process of FIG 2 according to the present



i nventi on.

[36] FIG 5 is an exanple of a process table of the | atest
start point of <construction of the wunderground vertical
menbers which are alternately constructed according to the
present invention.

[37] FIG 6 is a conparison process table of the earliest
start point and the |l atest start point of construction of the
under gr ound verti cal menber s whi ch are alternately
constructed according to the present invention.

[38] FIG 7 is an overall flow chart of a nmethod for
constructing underground vertical menbers of a conventiona
construction net hod.

[39] Figs 8 and 9 are exanples of process tables of an office
building of the 39th Ilevel to which the conventional
construction nmethod is applied.

[40] FIG 10 is an enlarged process table of the underground
vertical nenber process of the conventional construction
met hod of FIG 8.

[41] FIG 11 is a conparison process table in which the
conventional construction nethod is conpared with the process
of the underground vertical nenbers alternately constructed
according to the present invention.

[42] Figs 12 and 13 are conparison tables of a schedule
difference in which the overall process table (FIGS. 8 and 9)
of the conventional construction nmethod is conpared with the
overall process table (FIGS. 2 and 3) of the wunderground

vertical nenbers alternately constructed according to the
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present invention.

[43] FIG 14 is a process conparison graph in which the
overall process table of the conventional construction nethod
(FIGS. 8 and 9) is conpared with the overall process table of
the underground vertical nenbers alternately constructed
according to the present invention (FIGS. 2 and 3) in an S-

Curve form

BEST MODE FOR | NVENTI ON
[44] Hereinafter, a method for alternately constructing

underground vertical mnmenbers using a top-down construction

met hod according to the present invention will be described
in detail.
[45] FIG 1 is an overall flow chart of the nethod for

alternately constructing underground vertical nenbers using a
top-down construction method according to an enbodi nent of
the present invention. A target project to be executed is an
SRC office building with 6 underground |evels and 39 above-
ground | evels.

[46] Referring to FIG 1, in the nmethod for constructing the
underground verti cal menbers according to the present
enbodi nent, in an earth retaining wall construction step S10,
the earth retaining wall is constructed in the underground
| evel based on an outer wall of the underground |evel of the
building, and a slurry wall, a CIP, an Hpile, an earth plate,
and the |ike are constructed.

[47] In an underground post construction step S20, pillars of
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the building are constructed from the above ground to the
foundation and the mat to support a slab of the underground
level in the top-down construction nethod, and a PRD and a
RCD are constructed.

[48] In the first level construction slab step S30, the first
|l evel slab is conpleted by excavating the first underground
| evel and placing a steel beam a deck plate, and concrete
using the pillars constructed in the step S20.

[49] In the first underground |evel slab construction step
S40, the second underground level is excavated and the first
underground level slab is conpleted as in the first above-
ground | evel.

[50] In the first wunderground |evel vertical nmenber (core
parts and pillars) construction step S50, the first
underground |evel core parts are conpleted from the first
underground |evel slab constructed in the step S40, and a
core part franme can be constructed upward to the above-ground
| evel .

[51] In the above-ground frame (primary) construction step
S60, the core parts and the pillars of the above-ground | evel

are conpleted from the core parts and the pillars of the
first wunderground Ilevel constructed in the step S50. For
exanple, if the frame can be constructed up to the 8th above-
ground | evel before the mat construction under a structura

condition of a PRD file, in the construction step of the
frame (primary) of +the above-ground level, the frame is

constructed up to the 8th above-ground | evel.
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[52] In the second underground |evel slab construction step
S70, the second underground level slab is constructed after
excavating the third underground |evel downward follow ng the
step $40.

[53] In the third underground |evel slab construction step
S80, the third underground level slab is constructed after
excavating the 4th underground |evel downward follow ng the
step S70.

[54] In the third underground |[evel verti cal menber
construction step S90 according to the features of the
present invention, the third underground |evel core part is
conpleted from the third underground |evel slab constructed
in the step S80. After constructing the first underground
| evel core part in the step S50, if the construction of the
second underground |evel core part is omtted and the third
underground |evel core part is alternately constructed, the
construction can be done in a sequence, thereby making
construction easy.

[55] In the prior art, the third underground |evel core part
Is constructed in a sequence from the 6th underground |eve

after the nat has been placed, but according to the present
invention, the third underground |evel vertical nenber is
first alternately constructed after the first underground
| evel core part is constructed, and thereby the construction
period i s shortened.

[56] In the 4th underground | evel construction slab step S100,

the 4th underground | evel slab 1s constructed after
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excavating the 5th underground |evel downward follow ng the
step S80.

[57] In the 5th underground | evel slab construction step S110,
the 5th underground | evel slab 1is constructed after
excavating the 6th underground |evel downward follow ng the
step S100.

[58] In the 5th underground construction vertical nenber step
S120 according to the features of the present invention, the
5th underground |evel core part is conpleted from the 5th
underground | evel slab is constructed in the step S110. After
constructing the third underground level core part in the
step S90, if the construction of the 4th underground | evel
core part is omtted and the 5th underground |evel core part
is alternately constructed, the construction can be done in a
sequence.

[59] In the prior art, the 5th underground | evel core part is
constructed in a sequence from the 6th underground |evel
after the nmat has been placed, but according to the present
i nvention, the 5th underground |evel vertical nenber is first
alternately constructed after the third underground |evel
core part is constructed, and thereby the construction period
I's shortened.

[60] The third underground vertical nenber construction step
S90 and the 5th underground vertical nenber construction step
S120 are the nethod for alternately pre-constructing in a
sequence before placing of the mat according to the features

of the present invention, and thereby the construction period
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i s shortened.

[61] After that, in the foundation or nmat construction step
S130, the foundation and the mat are constructed after the
final excavation downward following the step S110. Wen the
mat is constructed, now the construction is turned again and
the underground |evel vertical nenber and the above-ground
| evel franme are constructed during the sanme tinme period. For
exanple, the above-ground level frame can go up to the 8th
above-ground | evel before the mat constructi on, t he
construction up to the 15th level can be perfornmed until the
construction of the underground I|evel vertical nenbers are
conpl eted, and the construction up to the roof |evel, which
is the top level, is carried out after the underground |eve
vertical nenbers are conpl et ed.

[62] When the foundation and the mat are conpleted (S140),
the wunderground Ilevels vertical nenbers (core parts and
pillars) are constructed.

[63] O the wunderground |evel vertical nenbers, the first
under gr ound | evel verti cal menber (S50), t he third
underground | evel verti cal menber  (S90), and the 5th
underground |level vertical menber (S120) were alternately
pre-constructed according to the present invention, so the
remai ning vertical nmenbers are in the 6th underground | evel,
the 4th underground level, and the second underground |evel
In the present invention, for the <construction of the
remai ning vertical menbers (6th underground Ilevel, 4th

underground |evel, and second underground |level), since the
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core part has already been constructed above and below the
corresponding level, it has an advantage and a feature that
the construction can be carried out at a time (S150, S160
and S170).

[64] In the prior art, after the 6th underground |evel core
part is constructed, the 5th underground l|evel core part is
constructed, and then the 4th underground |evel core part,
the third wunderground |evel <core part, and the second
underground | evel core part has to be constructed in order
However, according to the present invention, since the
remai ning verti cal menbers (6th underground Ilevel, 4th
underground level, and second underground Ilevel) can be
constructed during the sanme time period, only one |evel
construction period is required.

[65] Accordingly, before the mat is placed, the core pars of
two levels of the third underground Ilevel and the b5th
underground |evel are first constructed, the mat is placed
and then the remaining vertical nenbers (6th underground
| evel, 4th underground |evel, and second underground |evel)
are constructed during the sane tine period, so that an
effect that the pre-construction of a total of 4 levels is
carried out is provided. Therefore, in the prior art, in a
case where it takes 25 days for the construction of the
vertical nmenber of one level, it takes 125 days, but
according to the present invention, it takes 25 days, and
thereby the total construction period of 100 days is reduced.

[66] As described above, when the construction of the
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underground |evel wvertical menber is conpleted (S170),
construction of the above-ground Ilevel frane (secondary)
(S180) can be started. For exanple, the above-ground | evel
frame (primary) can be constructed up to the 15th above-
ground level until the underground |evel vertical nenbers are
conpl eted, and after the underground |evel vertical nenbers
are conpleted, the above-ground Ilevel frames (secondary)
(S180) from the 16th above-ground level to the top above-
ground | evel (roof) can be constructed w thout restrictions.
[67] Figs 2 to 3 are an overall process tables of the nethod
for alternately constructing underground vertical nenbers
using a top-down construction nethod in accordance with an
enbodi nent of the present invention.

[68] Referring to FIG 2, the present enbodinment is carried
out in an office building with 6 underground |evels and 39
above-ground | evels, and has an SRC structure, and using top-
down construction nethod. The construction start date is
January 1, 20109.

[69] Referring to t he pr ocess t abl e, Hpile/CIP is
constructed in the earth retaining wall construction stage
(work No. 6 in the first columm on the left of the process
table), and the work period is 80 days.

[70] PRD of work No. 7 is provided to construct a nunber of
pillar posts in the underground |level, and the construction
period is 70 days.

[ 71] Excavation of the first wunderground Ilevel and first

| evel slab of work No. 8 are SRC construction in which the



17

first level floor steel beans are constructed on posts, and
the deck plate and concrete are placed when the PRD
construction of work No. 7 is conpleted, and the construction
period is 50 days.

[72] Excavation of the second underground |evel and
construction of the first underground |level slab (work No. 9,
herei nafter, indicated by only the nunber) are construction
in which the second underground |evel is excavated downward
when the first level slab (No. 8) is conpleted, and then the
first underground level slab (No. 9) is constructed, and the
construction period is 50 days.

[73] When the first wunderground Ilevel slab (No. 9) is
conpleted, the first wunderground |evel core part and the
pillar (No. 22) are constructed so that the construction can
proceed to the above-ground |evel. As a result, t he
underground | evel downward construction and the above-ground
| evel upward construction are sinultaneously carried out, and
this is generally referred to as top-down construction

[74] VWhen the first underground |level core part (No. 22) is
conpleted, it is possible to continuously construct from the
second above-ground level slab (No. 25) to the 8th above-
ground level slab (No. 31). At this time, a load on the
above-ground level up to the 8th above-ground level is
recei ved by the PRD

[75] Since the 9th above-ground slab (No. 32) can proceed
only when the mat concrete (No. 15) is constructed, the

construction is stopped for about 4 nonths after the
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construction of the 8th above-ground Ilevel (No. 31) is
conpl eted. According to a structural calculation, since the
PRD can only support the load up to the 8th above-ground
|l evel (No. 31), the construction of the 9th above-ground
| evel (No. 32) can be started after the mat is placed.

[76] Alternatively, the construction of the above-ground
| evels from the second above-ground |evel can be started
about 3 nonths Jlate, and the waiting period of the
construction between the 8th and 9th above-ground |evels can
be mnimzed to continuously construct or proceed slowy up
to the 8th above-ground | evel.

[77] When the first wunderground level slab (No. 9) is
conpl eted, the second underground level slab (No. 10) is
constructed after the third underground level is excavated
downward, and the construction period is 50 days.

[78] When the second underground level slab (No. 10) is
conpleted, the third wunderground l|evel slab (No. 11) is
constructed after the 4th underground |evel is excavated, and
the construction period is 50 days.

[79] When the third underground level slab (No. 11) is
conpl eted, the third underground |evel core part (No. 20) is
first constructed according to the features of the present
invention. In the existing construction nethod, the third
underground |evel core part (No. 20) is constructed upward
from the 6th underground level after the mat (No. 15) is
conpl eted. Therefore, according to the present invention, the

three underground |evel core part (No. 20) is constructed
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first conpared to the existing construction nethod, and
thereby the construction period is shortened.

[80] After constructing the first underground |evel core part
(No. 22), the second underground |evel core part (No. 21) is
ski pped and the third underground |evel core part (No. 20) is
alternately constructed. The reason is that it is difficult
to construct a connection part if the second underground
| evel core part (No. 21), which is imediately below the
first underground level, 1is constructed in the top-down
construction mnmethod after the construction of the first
underground | evel core part (No. 22). Therefore, if the third
underground |evel core part ( No. 20) is alternately
constructed after the first underground |evel core part (No.
22) is constructed, since the second underground | evel, which
Is the upper level of the third underground level, is enpty,
the third underground |evel can be constructed in a sequence,
so that the construction is easy.

[81] When the first underground |evel core part (No. 22) and
the third underground |evel core part ( No. 20) are
alternately conpleted, the second underground |evel core part
(No. 21) disposed between them can be constructed by
sandwi chi ng t her ebet ween

[82] When the third underground |evel slab (No. 11) s
conpl eted, the construction continues downward, and the 4th
underground | evel slab (No. 12) is constructed after the 5th
underground |evel is excavated, and the construction period

is 50 days.
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[83] Wien the 4th underground level slab (No. 12) is
conpleted, the 5th underground Ilevel slab (No. 13) is
constructed after the 6th underground |level is excavated, and
the construction period is 50 days.

[84] At this tinme, when the 5th underground |evel slab (No.
13) is conpleted, the 5th underground |evel core part (No.
18) is first constructed according to the features of the
present invention. In the existing construction nethod, the
5th underground Ilevel core part (No. 18) is constructed
upward in order from the 6th underground |evel after the mat
15 is conpleted. Ther ef ore, according to the present
i nvention, the 5th underground |evel core part (No. 18) has
the feature of being constructed first conpared to the
exi sting construction nethod, and thereby the overall
construction period is shortened.

[85] After the third underground | evel core part (No. 20) is
constructed, the 4th underground |evel core part (No. 19) is
ski pped and the 5th underground |evel core part (No. 18) is
alternately constructed. The reason is that the construction
of the connection part is difficult to construct the 4th
underground level core part (No. 19), which is immediately
below the third wunderground |Ievel, using the top-down
construction nethod after the third underground |evel core
part (No. 20) is constructed. This is the sane as the case of
the third underground | evel core part (No. 20).

[86] After the 6th underground level is excavated, the mat

excavation (No. 14) is carried out, and then the foundation
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and the mat (No. 15) are constructed.

[87] When the mat (No. 15) is conpleted, the mat 15 supports
the load that has been supported by the PRD, so that the
above-ground level can go up to the 9th level (No. 32) or
mor e.

[88] On the other hand, the reason for limting that the
above-ground level can only go up to the 15th level until the
conpletion of the wunderground vertical nmenber after the
construction of the mat (No. 15) is the buckling of the
underground level PRD, and the PRD pillars from the 6th
underground | evel to the second underground | evel are exposed
for about 5 levels. However, according to the present
i nvention, since the odd-nunbered |evels have already been
alternately constructed, the PRD pillar is exposed for the
height of only one level, so that there is little buckling
restriction. Therefore, depending on the above-ground |eve

construction nethod, a new effect of capable of constructing
hi gher above-ground | evels is exhibited.

[89] After conpletion of the mat (No. 15), the nunber of the
remai ning frames in the underground |levels now is three, that
is, the 6th underground |evel core part (No. 17), the 4th
underground level core part (No. 19), and the second
underground Ilevel core part (No. 21). Since the third
underground | evel core part (No. 20) and the 5th underground
| evel core part (No. 18) have been alternately conpleted in
advance, the core parts of the remaining three |levels nmay be

constructed by sandw chi ng therebetween.
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[90] According to the features of the present invention,
since the odd-nunbered level core parts have already been
constructed, the remaining three levels can be worked
si mul taneously, at the sanme period, or in sequence.

[91] On the other hand, in the construction of the second
underground | evel core part (No. 21) and the 4th underground
| evel core part ( No. 19), reinforcing bars are pre-
constructed, and the concrete is placed during the sanme tine
period after the mat 15 is placed to further increase
productivity.

[92] Therefore, in the prior art, three levels (about 75
days) were required because three levels had to be
constructed in a sequence, but according to the features of
the present invention, since it is possible to construct
three levels at the sanme period, the construction period (25
days) of only one level is required, so that the effect of
shortening two levels is provided because it takes for only
one | evel (25 days).

[93] According to the present invention, the construction
period of two levels is shortened by simultaneously
constructing the underground |evel vertical nenbers and pre-
constructing the third underground |evel core part (No. 20)
and the 5th underground level core part (No. 18) before the
mat construction, and the core parts (Nos. 17, 19, and 21) of
the remaining three levels are constructed at once after the
mat (No. 15) is excavated to shorten the construction period

of two levels, thereby having the effect of shortening the
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construction period of a total of four levels. Since the
underground |level core part is the main construction I|ine
(critical path), the total construction period is shortened.

[94] Referring to FIG 3, the final wrk, that is the
finishing work, IS di spl ayed along wth the frane
construction from the 5th above-ground level to the 39th
above-ground |evel. According to the structural calculation
of the top-down construction, a process table is created in
whi ch the 9th above-ground | evel slab (No. 32) can be started
after the mat is placed, and the 16th above-ground | evel sl ab
(No. 39) is started after all of the underground verti cal
nmenbers are conpleted. From the 16th level to the 39th |eve

of the top level, the construction of the frames is carried

out in a cycle of 6 days, and the general finishing
construction was applied for one year. The finishing
construction includes interior decoration construction,

el evator construction, dismantling of tenporary construction
such as external curtain wall and tower crane, r oof
construction, |andscaping construction, and the l|ike after
the roof frame is conpl eted.

[95] Therefore, the total construction period of the office
building with the 39 levels takes 1,106 days (about 36
nonths) as illustrated in the work No. 1 in FIG 2 when
applying the nethod for alternately constructing underground
verti cal menbers using a top-down construction nethod
according to the present invention. The total construction

period is shortened by about 3 nonths conpared to the
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exi sting construction nethod.

[96] FIG 4 is an enlarged process table of the underground
vertical nmenber process of FIG 2.

[97] Referring to FIG 4, the construction of the odd-

nunmbered underground |evel vertical menbers (the first

underground |evel core part (No. 22), the third underground
| evel core part (No. 20), and the 5th underground |evel core
part (No. 18)) anong the underground |evel vertical nenbers
are started after the corresponding |evel slabs are conpleted.
The construction of the remining even-nunbered vertical

menbers (the 6th underground |evel core part (No. 17), the
4th underground | evel core pat (No. 19), the second
underground | evel core part (No. 21)) of 3 levels are carried
out at the sane period in parallel after the mat 15 is placed.
[98] The remaining even-nunbered | evel vertical nenbers (Nos.

17, 19, and 21) have features that can be constructed during
the sanme tinme period by sandw ching therebetween since the
odd- nunbered | evel s have already been alternately constructed.
[99] FIG 5 is an exanple of the process table of the | atest

start point of the wunderground vertical nenbers that are
alternately pre-constructed accordi ng to t he present

I nvention.

[100] The latest start point refers to the work schedul e that

can be constructed the Ilatest wthout affecting the
subsequent process. As late as possible start (finish) tinme
means a schedule that can be constructed the |atest w thout

af fecting the subsequent process.
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[101] Referring to FIG 5, the first underground |evel core
part (No. 22) is constructed after conpletion of the first

under gr ound | evel sl ab for t he above- ground | eve

construction (No. 25~). Next, the three underground |evel

core part (No. 20) can be constructed the |atest before the
even- nunber ed underground vertical nenbers (Nos. 17, 19, and
21) are constructed.

[102] FIG 6 is a conparison process table of the earliest

start point and the latest start point of the wunderground
vertical nmenbers which are alternately constructed according
to the present invention. FIG 6 is provided for explaining
the contents of the construction which is carried out at

which date or tinme point in the process table because the
construction order of the vertical nenbers is determ ned.

[103] Referring to FIG 6, work Nos. 16 to 21 indicate an
early process (FIG 4), and work Nos. 23 to 28 indicate a
| ate process (FIG 5). The third underground |evel core part

can be conpared through the early work No. 20 and the late
work No. 27. In other words, referring to the start colum in
No. 20, the construction of the third underground |evel can
be started quickly on January 1, 2020, and can be started on
May 15, 2020 in No. 27. O course, the construction thereof

can be started at any tinme between January 1 and May 15, 2020.
[104] As described above, the idea and enbodi nents of the
nmethod for alternately constructing underground verti cal

menbers according to the present invention fromFIG 1 to FIG

6 have been descri bed.
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[105] The followi ng describes the construction concept and
enbodi nent of the underground wverti cal menber of the
conventi onal construction nmet hod usi ng t he t op- down
construction nethod in FIGS. 7 to 10.

[106] FIG 7 is an overall flow chart of the underground
vertical nmenber construction nethod of the conventional
construction method using the top-down construction method.
[107] Referring to FIG 7, after the earth retaining wall
(T10) is constructed on the outside of the building, the PRD
or RCD posts (T20) are constructed underground in order to
form franes using the top-down construction nethod. After
that, the wunderground slabs are constructed downward while
excavating the wunderground levels (T30 to T100). After
excavating the 6th underground |evel (T100), the foundation
and the mat (T110) are conpl et ed.

[ 108] Thereafter, the underground vertical nenbers (T130 to
T170) are constructed upward in a sequence from the 6th
under ground | evel (T130).

[109] On the other hand, for the above-ground level, after the
conpletion of the first underground |evel core part (T50),
the above-ground frame (primary) (T60) is constructed. For
exanple, the construction up to the 8th above-ground | evel
slab is carried out until the mat is placed. After placing of
the mat, the above-ground Ilevel frames (secondary) (T180)
from the 9th to 15th above-ground I|evels are constructed.
When the wunderground vertical nenbers (T130 to T170) are

conpleted, it can be constructed without restrictions from
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the 16t h above-ground | evel.

[110] I'n the conventional top-down construction method, after
construction is carried out downward from the ground to the
| onest level, that is, the mat is used as a turning point and
U-turned to construct the underground vertical nenbers upward
in a sequence.

[111] Therefore, the order of the underground |levels is |ong,
and the underground construction period is |ong.

[112] Figs 8 and 9 are overall process tables of the top-down
construction nmethod to which the conventional construction
nmet hod i s applied.

[113] Referring to FIG 8, the building is an office building
with 6 underground | evels and 39 above-ground | evels, and has
an SRC structure, and using the existing reverse construction
nmet hod of a top-down construction nethod. The construction
start date is January 1, 2019. The configuration of FIG 8 is
simlar to that of FIG 2. The reason for explaining the
process table by applying the existing construction nmethod is
to examne a difference in the construction sequence and the
t ot al construction period wth the construction nethod
according to the present invention.

[114] Referring to the process table, the earth retaining wall
construction step (work No. 6 in the first colum on the |eft
of the process table) is Hpile/CP wrk and the construction
period is 80 days.

[115] The PRD of work No. 7 is provided to construct a nunber

of pillar posts in the underground |evels, and the
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construction period is 70 days.

[116] Excavation of the first underground |evel and the first
| evel slab construction of Wrk No. 8 are SRC work that
installs the first level steel beans on the posts and pl aces
the deck plate and concrete when PRD work of work No. 7 is
conpl eted, and the construction period is 50 days.

[117] I'n the ~construction of excavation of the second
underground |evel and the first underground |evel slab (work
No. 9, hereinafter, indicated only by the nunber), when the
first level slab (No. 8) is conpleted, the second underground
| evel is excavated downward, and then the first underground
| evel slab is constructed, and the construction period is 50
days.

[118] Waen the first wunderground level slab (No. 9) is
conpl eted, the core part and the pillar (No. 22) of the first
underground |evel are constructed so that the construction
can proceed to the above-ground levels. Therefore, the
underground | evel downward construction and the above-ground
| evel upward construction are sinultaneously carried out, and
this is generally referred to as a top-down construction.

[119] When the first underground |level core part (No. 22) is
conpleted, it can work continuously from the second above-
ground | evel slab (No. 25) to the 8th above-ground |evel slab
(No. 31). At this tinme, the load on the above-ground |evels
up to the 8th level is supported by the PRD

[120] Since the 9 level slab (No. 32) can be constructed only

when the mat concrete (No. 15) has to be placed, the
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construction is stopped for about 4 nonths after the 8th
above-ground level (No. 31) is conpleted. Since the PRD can
only support the load up to the 8th above-ground |evel (No.
31), it is possible to undertake the 9th above-ground | eve
(No. 32) after the mat is placed.

[121] When the first wunderground level slab (No. 9) is
conpl eted, the second underground level slab (No. 10) is
constructed after the third underground level is excavated
downwar d, and the construction period is 50 days.

[122] When the second underground level slab (No. 10) is
conpleted, the third wunderground l|evel slab (No. 11) is
constructed after the 4th underground |level is excavated, and
the construction period is 50 days.

[123] Waen the third underground |evel slab (No. 11) s
conpl eted, the construction continues downward, and the 4th
underground | evel slab (No. 12) is constructed after the 5th
underground |evel is excavated, and the construction period
is 50 days.

[124] When the 4th underground level slab (No. 12) is
conpleted, the 5th underground Ilevel slab (No. 13) is
constructed after the 6th underground |evel is excavated, and
the construction period is 50 days.

[125] After the 6th underground |evel 1is excavated, the
foundation or mat (No. 15) is constructed after the mat (No.
14) is excavated. Wien the mat (No. 15) is conpleted, since
the mat (No. 15) supports the |oad which has been supported

by the PRD, so that the above-ground |level can go up to the
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9th level (No. 32) or nore.

[126] When the mat (No. 15) is conpleted, the underground
vertical nmenbers (Nos. 17 to 21) are continuously and
directly constructed fromthe 6th underground |evel core part
(No. 17) to the second underground |evel core part (No. 21),
and it takes 25 to 30 days per |level. During this
construction peri od, t he above- ground | evel can be
constructed fromthe 9th level (No. 32) to the 15th |evel (No.
38) .

[127] Referring to FIG 9, the 10th to 39th above-ground
| evel s and finishing construction are indicated. The process
table is created in which the construction of the 16th above-
ground | evel slab (No. 39) is started when all the
underground vertical nenbers are conpleted. From the 16th
level to the top level, the construction of the franmes is
carried out in a cycle of 6 days without any restrictions on
t he under gr ound | evel s, and t he gener al fini shing
construction is applied for one year.

[128] Therefore, if the method for alternately constructing
underground verti cal menbers according to the present
invention is applied, the total construction period of the
office building with the 39 |levels takes 1,194 days (about 39
nonths) as illustrated in work No. 1 of FIG 8.

[129] The total construction period of 39 nonths is |onger by
3 nmonths than the total construction period of 36 nonths
according to the present invention. The reason is that it

takes a lot of time to construct the underground vertical
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walls in a sequence from the 6th underground |evel to the
second underground | evel .

[130] FIG 10 is an enlarged process table of the underground
vertical nenber process of the conventional construction
method of FIG 8. It illustrates that the wunderground
vertical nmenbers are constructed in a sequence from work No
17 to work No. 21 after the construction of the mat (No. 15),
and the construction period is 130 days, that is, it takes
about 4.3 nonths.

[131] FIG 11 is a conparison process table in which the
process of the underground vertical nenbers alternately
constructed according to the present invention is conpared
wi th the conventional construction nethod.

[132] Referring to FIG 11, work No. 1 to work No 19 are the
process tables of the conventional construction nethod, work
No. 20 to work No 38 are the process tables according to the
present invention, and work No. 39 is a difference in
construction period between the conventional construction
met hod and the construction nethod of the present invention.
[133] First, in the conventional construction nethod, from
work No. 12 to work No 16, the five underground |evel core
parts (No. 10) are constructed in a sequence after
construction of the mat (No. 10), and it takes 130 days.
[134] On the other hand, according to the present invention,
from work No. 31 to work No 35, only 30 days are required
after construction of the mat 29, and thereby it indicates

that the construction period is shortened by 100 days in the
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present invention (No. 39).

[ 135] The reason is that the third underground | evel core part
(No. 34) and the 5th underground |evel core part (No. 32) are
previously constructed, and the remaining three |evel core
parts (Nos. 31, 33, and 35) can be constructed by inserting
each other sinultaneously or at the same time point (at the
sane period) after the construction of the mat 29. After odd-
nunbered |evel core parts are constructed, the renaining
even- nunbered |l evel core parts are constructed at once. As a
resul t, the conventional construction nethod requires
construction of 5 times. However, in the present invention,
the effect of shortening 100 days of 4 Jlevels wth
construction of only one tine is exhibited

[136] Figs 12 and 13 are conparison tables of a schedule
difference in which the overall process tables (FIGS. 8 and
9) of the conventional construction nethod are conpared wth
the overall process tables (FIGS. 2 and 3) of the underground
vertical nenbers alternately constructed according to the
present invention.

[137] Referring to FIG 12, the total construction period
difference (work No. 1) in the two construction nethods is 88
days of about 3 nonths, that is, it takes about 39 nonths in
the conventional construction nethod and 36 nonths in the
construction nmethod of the present invention, and it can be
seen that about 8% of the total construction period is
short ened.

[ 138] The underground excavation, the top-down slab, and mat
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construction (Nos. 6 to 15) are the sane in the construction
period in both construction methods.

[139] The difference therebetween occurs from the underground
vertical nenbers, and according to the present invention, the
underground vertical nenbers (core parts) are alternately
constructed downward, and the construction of the remaining
core parts is carried out at the sane tine.

[ 140] The last columm (1) is a value obtained by subtracting
the conpletion date for each level (colum E) of the existing
construction nethod from the conpletion date for each |evel
(colum H) according to the present invention.

[141] From the 16th above-ground |evel ( No. 39), t he
difference of 88 days is fixed and continues until
construction is conpl et ed.

[142] FI G 13 illustrates that the schedule difference
(conpletion date difference colum (1)) of 88 days continues
from the 16th above-ground |evel ( No. 39) until t he
conpl etion of the construction.

[143] FIG 14 is a process conparison graph in which the
overall process tables (FIGS. 8 and 9) of the conventional
construction nmethod are conpared with the overall process
tables (FIGS. 2 and 3) of the underground vertical nenbers
alternately constructed according to the present invention by
indicating in an S-Curve formfrom FIGS. 12 and 13 which are
arranged in tables.

[144] Referring to FIG 14, a blue line indicates the existing

construction met hod, and a red i ne i ndi cat es t he
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construction nmethod of the present invention.

[ 145] Construction is started on January 1, 1999, and the 6th
underground | evel mat is placed on June 8, 2020 (Il owest point
in the graph).

[ 146] Thereafter, the red Iline according to the present
invention indicates that two levels are already alternately
constructed, and three levels are constructed during the sane
time period in one nonth to conplete the underground vertica
menbers, and then lead to the 16th |evel.

[147] Oh the other hand, the blue line according to the
conventional construction nmethod indicates that it takes
about 4.3 nonths to construct the underground vertical nenber
for each level after the mat construction, and then |leads to
the 16th Ilevel. From the 16th level and above, the two
construction nethods are the sane.

[ 148] As descri bed above, the differences between the existing
construction nethod and the <construction nethod of the
present invention are conpared through the process tables and
t he graph.

[149] The followng is a description of a case where sone work
is perfornmed differently in enbodinments of the present
I nvention.

[150] I'n construction of a case where the final excavation is
the 5th underground |evel, the underground core parts are
first constructed downwards on the first and third
underground levels, and after the mat is conpleted, the 5th

underground | evel is constructed, and then the 4th and second
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underground levels nmay be constructed during the same tine
period. Therefore, after the mat construction, the remaining
core parts are constructed tw ce.

[151] I'n construction of a case where the final excavation is
the 4th wunderground |evel, the underground core parts are
first constructed downward on the first and third underground
| evel s, and after the mat is conpleted, the 4th and second
underground |evel core parts can be constructed during the
same tine period. It is the sane concept as the construction
of the 6 underground |evels.

[152] Since the level height of the |owest underground |evel
is not high, the lowest two levels (for exanple, the 5th and
6t h underground |evels) nmay be sinultaneously excavated, the
mat be conpleted, and then the 5th underground |evel slab be
constructed. In this case, after sinultaneously constructing
the 6th underground |evel core part and the 5th underground
| evel sl ab, the 5th underground |[evel core part IS
constructed. Therefore, after the mat construction, the
remai ning core parts are constructed tw ce.

[153] As described above, in a case of sinultaneously
excavating two levels with odd nunbered |levels or the | owest
two levels, it occurs in sone construction that the remaining
core parts are constructed twice in a sequence after the nat
is conpleted. Therefore, according to one enbodi nent of the
present invention, after alternately conpleting the core
parts, there are many cases where the renmamining core parts

are conpleted at once, and in sone construction, a case of
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constructing the renmaining parts twice is derived.

[ 154] The process table of the above enbodinent is an exanple
in which the date calculation is accurate because it is
prepared by a program specializing in process table
preparation. The Kant chart, which is a red bar chart in the
process table, represents a major operation that determ nes
the total construction period as a critical path of the mgjor
progress line. The blue bar chart represents an operation
with float in the nunmber of tenporal flexible dates.
Therefore, in order to shorten the construction period, the
red line, which is the main construction line, has to be
shortened. A connection line (relationship) including arrows
connecting the bar charts in the process table indicates the
precedi ng and subsequent relationship between works.

[ 155] As descri bed above, according to the features of the
pr esent i nventi on, based on the idea of alternately
conpleting the core parts in order to shorten the
construction period of the wunderground core parts, which
determ nes the overall construction period, it can be seen
that there may be sone derivative core part construction in a
sequence depending on the features of the site. However,
unli ke the sequential core part construction nmethod which is
t he exi sting construction nmet hod, engi neers in t he
construction industry «clearly know that the <core part
construction nethod partially nodified based on the idea of
shortening the overall construction period through the

alternate core part construction nethod according to the
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present invention is included the gist of the present
i nventi on.

Modes for Carrying Qut the Invention

[156] This is the sequence of the nethod for alternately
constructing vertical nenbers using a top-down construction
nmethod in a case of 8 wunderground levels according to an
enbodi ment of the present invention.

[ 157] The construction sequence is as follows.

[ 158] Earth retaining wall

[ 159] Underground pillars (PRD, RDC, and ACT pillar)

[ 160] Excavation of the first and second underground | evels
[161] Placing of the reinforced concrete of the steel deck in
the first underground | evel (placing of slab)

[ 162] Excavation of the third underground | evel

[163] Placing of the second wunderground Ilevel slab, and
pl acing of the first underground | evel core wall pillar

[ 164] Excavation of the 4th underground | evel

[ 165] Pl acing of the third underground | evel slab

[ 166] Excavation of the 5th underground | evel

[167] Pl acing of the 4th underground |evel slab, and placing
of the third underground |evel core wall pillar

[ 168] Excavation of the 6th underground | evel

[169] Pl aci ng of the 5th underground | evel slab

[170] Excavation of the 7th underground | evel

[171] Pl acing of the 6th underground |evel slab, and placing
of the 5th underground | evel core wall pillar

[172] Excavation of the 8th underground |evel and excavation
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of the mat

[173] Placing of the 7th underground |evel slab, placing of
the core wall pillar of the 7th underground | evel

[174] Pl aci ng of the 8th underground | evel nat

[175] Pl acing of the remaining |levels of 8th underground |evel,
6th underground |evel, and 4th wunderground level, and the
core wall pillar of 4th wunderground |evel (sinultaneous
construction of 4 |evels)

[176] Alternatively, after primary construction of 2 |evels of
the 8th wunderground Ilevel and added one |evel, secondary
construction of the core wall pillars of 2 levels
(construction of 2 levels tw ce)

[177] Alternatively, after primary construction of 2 |evels of
the 8 underground |evel and added one |level, secondary and
tertiary construction of the core wall pillars of the
remaining 2 levels one by one (construction of total 3 tines
of 2 levels once, and 1 |evel tw ce)

[178] Alternatively, after construction of the core wall
pillar of the 8th wunderground I|evel, construction of the
remaining 3 levels one by one (construction of total 4 tines
for 4 levels)

[179] After placing of the mat, the remaining |levels are 4
|l evels, and the 4 levels are placed by dividing into 1 tine,
2 time, 3 tinme, and 4 tine.

[ 180]

[181] The followings are the sequence of the nmethod for

alternately constructing vertical nenbers using a top-down
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construction nmethod in a case of 7 underground |evels
according to an enbodi ment of the present invention.

[182] Earth retaining wall

[ 183] Underground pillars (PRD, RDC, and ACT pillar)

[ 184] Excavation of the first and second underground | evels
[185] Pl acing of the reinforced concrete of the steel deck in
the first underground | evel (placing of slab)

[ 186] Excavation of the third underground | evel

[187] Placing of the second wunderground Ilevel slab, and
pl aci ng of the first underground | evel core wall pillar

[ 188] Excavation of the 4th underground | evel

[189] Pl acing of the third underground | evel slab

[ 190] Excavation of the 5th underground | evel

[191] Pl acing of the 4th underground |evel slab, and placing
of the third underground |level core wall pillar

[ 192] Excavation of the 6th underground | evel

[ 193] Pl acing of the 5th underground | evel slab

[ 194] Excavation of the 7th underground |evel and excavation
of the mat

[195] Pl acing of the 6th underground |evel slab, placing of
the 5th underground | evel core wall pillar

[196] Pl aci ng of the 7th underground | evel nat

[197] In the remaining |levels of the 7th underground | evel
the 6th underground |evel, the 4th underground |evel, and the
second underground | evel

[198] After primary construction of 2 levels of the 7

underground | evel and added one |evel, secondary construction
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of the core wall pillars of the remaining 2 |l evels

[199] Alternatively, secondary construction of the 7th
underground level and 2 |levels anong the remaining 3 |evels,
and construction of the remaining 1 level (construction by
dividing total 3 tines)

[200] Alternatively, construction of total 4 times one |evel
by one | evel

[ 201]

[202] The followings are the sequence of the method for
alternately constructing vertical nenbers using a top-down
construction nmethod in a case of 6 underground |evels
according to an enbodi nent of the present invention.

[ 203] Earth retaining wall

[ 204] Underground pillars (PRD, RDC, and ACT pillar)

[ 205] Excavation of the first and second underground | evels

[ 206] Pl acing of the reinforced concrete of the steel deck in
the first underground | evel (placing of slab)

[ 207] Excavation of the third underground | evel

[208] Placing of the second wunderground |level slab, and
pl acing of the first underground | evel core wall pillar

[ 209] Excavation of the 4th underground | evel

[ 210] Pl acing of the third underground |evel slab

[ 211] Excavation of the 5th underground | evel

[212] Pl acing of the 4th underground |evel slab, and placing
of the third underground |evel core wall pillar

[ 213] Excavation of the 6th underground | evel and mat

[ 214] Pl acing of the 5th underground | evel slab and pl acing of
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t he mat

[ 215] Pl acing of the 6th underground |evel mat and placing of
the 5th underground | evel core wall pillar

[216] In the remaining |levels of the 6th underground |evel
the 4th underground | evel, and the second underground | evel
[217] Si mul taneous construction of the remaining 3 |evels
(total 1 tine)

[218] Alternatively, after construction of the 6th underground
| evel , simultaneous construction of the 4th underground |evel
and the second underground level (total 2 tines)

[219] Alternatively, after simultaneous construction of the
6th underground |evel and the 4th underground |evel
construction of the second underground |evel (total 2 tines)

[ 220] Construction of 3 levels one level by one level for
total 3 tines (construction by dividing into 3 tines).

[ 221]

[222] The followings are the sequence of the nmethod for
alternately constructing vertical nenbers using a top-down
construction mnethod in a case of 5 underground |evels
according to an enbodi nent of the present invention.

[ 223] Earth retai ning wall

[ 224] Underground pillars (PRD, RDC, and ACT pillar)

[ 225] Excavation of the first and second underground | evels
[226] Pl acing of the reinforced concrete of the steel deck in
the first underground | evel (placing of slab)

[ 227] Excavation of the third underground | evel

[228] Pl acing of the second wunderground |level slab, and
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pl acing of the first underground | evel core wall pillar

[ 229] Excavation of the 4th underground | evel

[ 230] Pl acing of the third underground |evel slab

[ 231] Excavation of the 5th underground |evel, and excavation
of the mat

[232] Pl acing of the 4th underground |evel slab, and placing
of the third underground |level core wall pillar

[ 233] Pl aci ng of the 5th underground | evel nmat

[234] In the remaining |levels of the 5th underground |evel
the 4th underground | evel, and the second underground | evel
[235] After construction of the 5th underground |evel,
si mul taneous construction of the 4th underground |evel and
the second underground | evel (total 2 tines)

[236] Alternatively, after simultaneous construction of the
5th underground |level and the second underground |evel,
construction of the 4th underground | evel (total 2 tines)

[ 237] Construction remaining 3 levels one |evel by one |leve
(total 3 tines).

[ 238]

[239] The followings are the sequence of the nmethod for
alternately constructing vertical nenbers using a top-down
construction nmethod in a case of 4 underground |evels
according to an enbodi ment of the present invention.

[ 240] Earth retaining wall

[ 241] Underground pillars (PRD, RDC, and ACT pillar)

[ 242] Excavation of the first and second underground | evels

[ 243] Pl acing of the reinforced concrete of the steel deck in
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the first underground | evel (placing of slab)

[ 244] Excavation of the third underground | evel

[ 245] Pl acing of the second wunderground |level slab, and
pl acing of the first underground | evel core wall pillar

[ 246] Excavation of the 4th underground |evel and excavation
of the mat

[247] Pl acing of the third underground |evel slab and placing
of the 3th underground | evel core wall pillar

[ 248] Pl aci ng of the 4th underground | evel nat

[249] In the remaining | evels of the 4th underground | evel and
the second underground | evel

[ 250] Si mul taneous construction of the remaining 2 |evels
(total 1 tine)

[ 251] Construction of 2 |levels one |evel by one level (total 2

times).

Industrial Applicability

[252] Currently, nost of the top-down construction is carried
out in downtown construction. Wth respect to the alternately
constructi ng nmethod according to the present invention, first,
a structural design office designs the nethod, a contractor
manuf actures the steel frame and the formmrk, and then the
construction is carried out. Therefore, the present invention

can be directly applied industrially.
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CLAI M5

1. A construction period shortening nethod through a
method for alternately constructing underground vertical
menbers in construction of underground vertical nenbers of a
buil ding in which an above-ground frame is constructed upward
in parallel wth construction of an wunderground structure
downwar d, conpri sing:

a first step of excavating and constructing an
under ground | evel slab downward;

a second step of alternately pre-constructing an
under ground vertical nenber; and

a third step of constructing remaining underground
vertical nenbers alternately, during the sanme tine period, or
in 2 times after the construction of the second step,

wherein the construction is alternately carried out.

2. The construction period shortening nethod through a
nmethod for alternately constructing underground vertical
menbers according to claim1,

wherein when the underground |level is a 6th underground
| evel

first underground |evel, 3rd underground |evel, and 5th
underground | evel core parts are alternately pre-constructed
while constructing the underground slab downward, and then
6th underground |level, 4th underground Ilevel, and 2nd
underground |evel core parts are constructed during the sane

time period.
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3. The construction period shortening nmethod through a
method for alternately constructing underground vertical
menbers according to claim1,

wherein when the underground |level is a 5th underground
| evel

first underground |evel and 3rd underground |evel core
parts are alternately pre-constructed while constructing the
under ground sl ab downward, and then the 5th underground |evel
core part is constructed, the 4th underground |evel core part
is constructed, and the second underground |evel core part is
constructed during a construction period of the 5th

underground | evel and the 4th underground | evel.

4. The construction period shortening nethod through a
nmethod for alternately constructing underground verti cal
menbers according to claim1,

wherein when the underground |evel is a 4th underground
| evel

first underground |evel and 3rd underground |evel core
parts are alternately pre-constructed while constructing the
under ground sl ab downward, and then the 4th underground |evel
and second wunderground Ilevel <core parts are constructed

during the sanme time period.

5. The construction period shortening method through a

method for alternately constructing underground vertical
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menbers according to claim1,

wherein when 2 Ilevels of the lowest Ilevel of the
under gr ound | evel s and an upper | evel t her eof are
si mul t aneousl y excavat ed,

the core parts are alternately pre-constructed while
constructing the underground slab downward, the mat or the
foundation is constructed, the |owest level core part and an
upper |level slab thereof are constructed, and then the
remaining core parts are constructed during the same tinme

peri od.

6. The construction period shortening nmethod through a
nmethod for alternately constructing underground verti cal
nmenbers according to any one of clains 1 to 5,

wherein the core parts, which are alternately pre-
constructed, and the remmining <core parts, which are
constructed thereafter during the sane tinme period, are
constructed by dividing into preceding and subsequent based

on the mat excavati on worKk.

7. The construction period shortening nmethod through a
method for alternately constructing underground vertical
nmenbers according to any one of clains 1 to 5,

wherein a construction schedule of each of the core
parts, which are alternately pre-constructed, is in a range
between an earliest possible start date (early start date)

which starts after the conpletion of the correspondi ng |evel



a7

slab and the latest conpletion date (late finish date) which
is conpleted before a time point when the renmamining core

parts are constructed subsequent.

8. The construction period shortening nmethod through a
nmethod for alternately constructing underground vertical
nmenbers according to any one of clains 1 to 5,

wherein the underground vertical nenber includes a core

part or a pillar connected to an above-ground | evel.

9. The construction period shortening method through a
method for alternately constructing underground vertical
menbers according to claim1,

wherein in the alternately constructed wunderground
vertical nenbers, the core part or the pillar of the odd-
nunbered (or even- nunbered) underground | evel is pre-
constructed while constructing the underground slab downward,
the mat or the foundation is constructed, and then the core
part or the vertical nenber of the pillar of the even-
nunmbered (or odd-nunbered) level, which is the renaining
|l evel, is constructed at once or tw ce depending on site

condi ti ons.

10. The construction period shortening nethod through a
nmethod for alternately constructing underground verti cal
menbers according to claim1,

wherein the construction of the remaining core parts
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subsequent and at once further includes a nmethod for placing
concrete, which is a subsequent process, at the same period
after installing a reinforcing bar of the remaining

underground core part as early as possible.

11. A construction period shortening nmethod through a
method for alternately constructing underground vertical
menbers, conpri sing:

(a) a step of constructing a tenporary earth retaining
wal | in a ground by a conventional nethod;

(b) a step of wvertically installing an above-ground
| evel core part and pillar, from above ground, which is
constructed upward in parallel wth construction of a
under ground structure downward when the underground structure
and the above-ground structure are constructed,

(c) a step of excavating the first above-ground | evel
constructing a floor part thereof, excavating the first
underground level, and then constructing a floor part
t her eof ;

(d) a step of excavating each of the rensining
underground levels in order in a downward direction and
constructing the floor part, and sinultaneously constructing
core parts of one wunderground level or a plurality of
underground levels first to support the above-ground |evel
core part which is preferentially constructed upward;

(e) a step of preferentially constructing the above-

ground level core part in an upward direction on an upper
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part of the underground |evel core part which is constructed
first, and installing the wunderground l|evel frame in the
downward direction in parallel therewth;

(f) a step of alternately installing the core parts
after the core part of one underground level is installed
first in the step of installing the underground |evel frane
in the dowmward direction

(g a step of formng the foundation after the
underground level frame is conpleted to the foundation, and
installing the core parts of the remaining levels to be
alternately constructed downward in the upward direction from
the lowest |level to the underground |evel core part which is
constructed first, during the sanme tinme period or
sequential ly; and

(h) a step of constructing the construction conpletion
through the remaining franme construction of the above-ground
| evel and the final construction that is finishing work,

wherein the underground core parts are constructed first
or during the sanme time period within a certain possible
range to exclude them from a main process line critical path

to shorten an overall construction peri od.

12. The construction period shortening nethod through a
method for alternately constructing underground vertical
menbers according to claim 11,

wherein the step of alternately installing the core

parts includes constructing the odd-nunbered |evel core part,
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the remaining level core parts include the even-nunbered
| evel core parts, the odd-nunbered |evel and even-nunbered
| evel core parts are converted based on the mat construction

and the | owest |evel core part and the upper |evel core part

thereof are sequentially constructed depending on site

features.



