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Summary

I. Title

Development and application of the integrated formwork system in construction

method using the prefabricated Hi-Form system.

II. The purpose of Research and Development and its Necessity

This research is to develop a conventional formwork method of construction
into a new suitable method that is appropriate within the domestic
circumstances. The method brought about in this research, called ‘prefabricated
Hi-Form System’ can be applied to all types of structural formats such as
structure of steel frame, structure of reinforced concrete construction, precast,
prestresssd, structure of steel-reinforced concrete construction, structure of
composite construction, and etc as well as to all forms and sizes of building
construction including floor slab, wall and framework of stair operations. In
addition, the method discussed in this very report is being actively applied
widely and has confirmed its efficiency and safety. Above all, this method is
proved to be efficient tool for shorter operation period and lower cost of
resources.

For this reason, ‘Develop and application of the integrated formwork system in
construction method’ developed in this research has a high probability of a
successful further development and application and thus it will surely provide a
chance for domestic technology to become familiarized in globalized international
markets. In addition, it will solve the problematic behavior of domestic
construction sites that rely mostly on foreign form system, furthermore,
obtaining foreign cufrency as well as enforcing competitiveness of domestic

construction industries.

. Context and Extent of Research Development

In the first year of the development, we will concentrate on the quality, safety,



economic efficiency of construction method of prefabricated Hi-Form stair
System’. To name a few, a development of accessories, development of
technology of material production factory, development of standardization
technique of materials, development of form construction plan, establishment of
installation and procedures, production of Stair Form and product development
though a further development in design skills, development of production and
execution process, development of design and analysis of the system, analysis
of structural performance and etc. We have also performed the mock-up test
for the utilization of this method.

After the first stage of development, we will be developing a Develop and
application of the integrated formwork system in construction method that
satisfies the principles of productivity, workability, and structural elements in
order to analyze and experiment the structural performance of Stair Form
System’s copula. In addition, we have executed a preparation of construction
manual and design code, analysis and measurement of the Mock~up Stair,
expansion of practical use of Hi-Form slab at construction sites, analysis,
investigation, and modification of structural aspects and panel material as well

as the application of panel modify material.

IV. Results of the Research and Development

1) Development of Technology for producing Hi-Form Stair System

The building elements of original truss were composed of nut cap, nuts, bolts,
and Con’c Corn. These four elements were processed three times and resulted
in increase and decrease of productivity and cost, relatively. For this reason, we
have executed a research and development in order to increase the usefulness
and simplification of building elements.

Also, the weight of form in the original method was quite large and this has
worked as a disadvantage upon the process of construction and also creating
noises. In order to simplify the assembling process and resolve the problematic

issues, we have researched and developed elements made of plywood. In



addition, we have analyzed the errors in the original production technology of
Hi-Form Deck for a better production technology. To maximize the utilization
of Hi-Form Deck at construction sites, we reexamined the use of plastic form
rather than the original plywood Form or coated plywood that could only be
applied to special cases as well as the aluminum form that could only be
compressed into a certain width, aspects that need to be overcome. The
improvement made on form’s workability, tension, and flexural strength was
carefully measured and executed through aspects of material, structure,
construction, economic efficiency, simplification of production process and

transparent plastic Panel.

2) Development and Improvement of Execution Strategies of Hi-Form Stair
System

We derived a new Hi-Form Stair System scheme that allows flexible
application into various structural aspects, sizes and form of buildings by
analyzing the originally used constructing methods. We minimized the temporary
materials of stair construction in order to maximize the workability as well as
deriving a method that can minimize the amount of temporary materials needed
for each category of materials. Above all, the analysis of execution technique is
enforced to improve the economic disadvantages and workability of deck
construction.

The structural aspects of Hi-Form Deck is similar to the original technology,
but it also have an advantage over bigger and safer execution through on-spot
production, which allow the application of Two-way slab. In order to carry out
the operation of two-way slab successfully, we used the technique of replacing
rod of truss with the construction of a temporary device to support the load
weight during operations. We concentrated on projecting the major improvement
and both advantages and disadvantages in the aspects of economic efficiency,
environment, safety, execution of construction, and qualities compared to the

original method by applying Hi-Form Deck from Wide Girder System that



operates with two-way slab technique.

3) Evaluation of Structural Aspects of Stair Hi-Form System

For the primary evaluation of structural aspects we developed a structural
design and an analysis of Stair Hi-Form System according to the existing
standards of structural design. We have also assessed the structural
performance for different Hi-Form Stair System building methods. As the
results, we were put in the need of structure of Hi-Form Stair System with
high flexibility leading to a development of Semi-Rigid Joint that connects with
slope of stair. For this joint, experiments were carried out in order to evaluate
its structural performance around curve and front.

According to the experiments and results of measurement made of Mock-up,
we figured out that this product Semi-rigid copula contains an excellent level of
serviceability, workability, and safety issues related to its structure. The
secondary evaluation of structural performance was carried out so you can
rerun the distribution of load weight when a semi-rigid copula is applied to
stair system. Also, a structural analysis of Hi-Form Stair System modified with
the developed joint was executed as well as the development of design code.
All together, we developed a design code of Hi-Form Stair System. This has
proved that the new joint has a higher efficiency compared to either the old

rigid joint or the pin joint.

V. Results of Research and Dévelopment and Application Plans

The unified Hi-Form system in this research can be installed temporarily at
any place and then lifted up to the place where it will be installed for the final
assembly. For this reason, _this process can eliminate complex processes that
was in the reinforced concrete construction such as production of form, iron rod
processing and arrangement, Form dissembling and site-recycling, which is a
great advantage as well as an improvement. Especially, the Hi-Form wall and

stair formwork construction method, compared to the conventional wall and stair



execution method, allows to make an efficient use of equipment, and simplify
the process of Form work by constructing stair and side wall separately and
later on combining them together. This has an advantage of preventing the
distance length between the wall and the stair, which can be a burdensome job
if it occurs.

Also, this method of unified Hi-Form system does not require a high waged
experts when installing and dissembling the formwork. It is for sure more
economical than reinforced concrete construction. In addition, there will be a
reduced amount of processing of iron rods and installation of formworks leading
to lower material cost. Since the number of workers who can execute frame
works is decreasing, it would be difficult to find anyone who will gladly take
the job in the near future. Thus, in the aspects of manpower shortages and
difficultness of the conventional method, the new method is certainly a
competitive technology. At the same time, this method do not require wood
formwork or iron rod processing, thus the job of cleaning up the site can
dramatically be reduced. For the environmental issues, with a longer life span,
standardization of the system, and elimination of extra processing of wastes and
talcum allowed it to solve the noise and dust problems which was a serious
issue for the reinforced concrete construction.

Therefore, the formwork system in this very research can be applied to
structure of reinforced concrete construction, structure of steel fram, precast
with structure of prestressed, structure of steel framed reinforced concrete
construction, unified structure, and all other forms of structures. Thus, an active

application of unified formwork system at the construction sites is anticipated.
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f L{r} Fy

20?2
F, = 3
[_5_+ 3KL/r  (KL/r) ]
3 8C, 8C3
C,<—]§é <200 ¥4 B¢
_ 1272 F

oy = 1‘;\2 < F,-SF
WA AR

ANEA stelFell A AEHA g E3E A5H FYsFol

(2} 2-5)

(2] 2-6)

(21 2-7)

(4 2-8)

el =g

22 42l 9 YAS T 2ok wepd 3o ABaA A2E7] SaA

B70] e ¢ARESL Doz
P=W=«-A4

P = A 7 RRete &%
A = 9A A Bgse Wy
(a) FALAN HE
P
o= < F-SF

- Algz €92 THK 150mm

- uAF}E 360kgf/m’
- BdsE 250kgf/m’
- A9 ZAAEH 2 THK 150mm
- 2AE 620kgf/m®
- AJsF 290kgf/m’
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B DESIGN ANALYSIS FOR FORM WORK HS1

4

Y, Basic for design
1-1, Design Critena & Codes
], amearican congrate institute fog farm work
b, American ton & Stesd Institule Iy cold~forn stes! structwral & stesl  deck instiuiefSi
o, Armevican Stesl joist nstitute (S0}
o, Phywood Design Specification farm The Engineered Wood Association (APA)

-2, Dssign Loseds

a, working loact

ursitormily load, W B kafom? {50 pef}
wancsrdrated load, P O kg fom?

b, mirirnum sway loed

@ top of wall 150 kgim
& wupe of siab 180 ka/m

2% of ot Woaed
1-3, Matarigt Sirength

a, Plyaood fomm deck

Flaé &1 = 140 kgfom?
Fo S 118 kglom?
Fy = 13.4 kafom?
Fg st 3.73 sofoms
Fed = 23.8 kglfom®
& = 128883 kgfom?

Adjusimernt for mmisture Coment (km)
GIFE& T O82Fa.  0.89Fc D.E3Fs  0.B3FD&E

.72 .62 13.5% .83 .83
increase for load duation of 7-days or less ) {kcd}

1.25Fb& Fr 1.28Fc 1.28F 1.25Fy 1.25F0

by, Cpen web steel jost

Walb rikd stesl shall conioun 1o K8D 3588
Fy = RE00 kglom?

Top&Bottom chorg
Tow adloy steal shiall conform to KSED 3504
Fy = 4000 kgfom?®

ooy -
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=
Ay

Harger wire
mikd stsel shall corform to K8D 3866
Fy = 2400 kg fom?
waddoes plate
mikd steet shall corform o KSD 3868
Fy = 2400 kalom?

d,

2, Spacet { pone lypal
goncrate comprassive strength,

* Safety factors for formwork accsssorios
form ties
less 1681 span above grade
mora then 168 above grade
form hargers
fss then Blpst total load
s then1(0pef totel Joad

B2l Kg for at 28 deys old,

1.8
2

1.5
2

2, Urshomwd Construction. Chsck plywood deck construction sirength,

Costruction Loads ©
Bash concerete weight
conc. slab thk. 1=

plywond deck weight
base metal thk, 1= H

itial dead kad
Subr-total

working load , W=

P o=

total oad { for deflection )
iotal load | for safe load

Effective ssction propetties b ohywood [1m, width)

374 in, plywood sectional propertise cass —
caset case-2
U with {ace prain pempendicular 1o spany,

oft, Thi, ,t= 14.43 mm it
b= 28.8 em?® / Lm
B= 2218 em¥f Lm
Wi = 14313 ot/ Lem

_92_

360 kgime

11.02 ky/m®
FC okgdmR
391.02 gyfm?

250 kyim?
kg & Mid span

421,02 kog/m?
841,00 kglm?

1

Use with face grain paraliel to span

Thik, , 1=
!

8.8 om* /im
1532 o/ Lm
86.34 ot/ Lin

14.43
o3

tf

5&-’{(‘;* =



Ostermine sate spacing of iolst

cdasign foad for safe oad for deflction
W { koimz } 841.02 481,02
Plywood conditions
Moisture Conterd 3 less 18% 1
Irorease Factor | short term load duratio 1.25%

¥ long term load duration for over 7-Days
shott term load duation for less 7-Days

Flexile Mamber Formulars | It tripte span 26.2

cortrol by bending , Ly = 10+ Fh Kms Kl S/W) = 77.8 om
controt by deflection, ©= AflA* 148 EKm« /W) = 62.3 o
corot by shear, Ly = 187 +Far Kms K~ {IbfQIW = 173.9 cm

theratore, max. gllowable span, L=

o
o
O
o
3

Tey use joimt zpacing & %03 om
3, Unshorad Construction. Cheok open web stes! joist construction strangth.

Design of open web stest jost ERED N

5.05
Unshored Construction
spacinglo/el, L= S48 m o (clsarspan, Lns 285 m)
Lig= 1525 m  {cles L2z 1.395 m @ Distane
design load for sale load tor daediction
W { kgim 128,204 98.204
max.M = 112.8 kg - m 86.2 kg m
max.V = 169,89 kg
a (T}
47.03
Step-1,  Top chord
B 1387 82 kg {compression)
3 93%% 4
designate HIM3  Asfem®) Hem® ) (om)  Fellgdom®] Elkglom?)
1.87 Q.14 0,332 4000 2100000
urbraced lsngth Lz = 30 om
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srvd pane! Luzdr = G138 < 120 0K

irtetion parsl Luz s = L3 > 80 NG
Briclos spacing L = 30 om
Luxsg = 90,36
Dst~plane Buckling man M = 2119 kg o m M= 31
Shored M 25 .42 kg +m N2= 25
Ligs 28.61
Lafr= 88,17
Co= JBRrE/Fy) = 101.8
F8= B3+ GHKLUAYCo - 118 [IKLUA WP = 1.81
allow, Faz D112 KLY TR IFy/Fa = 1259.24 kglom?
short tarm 1888.09
ot fas {fAs= 1100 kgfom® < Fa OK
‘ - o'~
‘ Bottom chord
‘ o= 1387.52 kg ltension}

B

o w

designate HDI3 Asfom®l Hem® 1 ¢ lom)  Fylkgfom®  Elkgiom?)

1 1.27 .14 £.332 404K} 2100000
altca Fr = 3811 .2 kglom®
act, ft= {/As= 1100 kafore < Ft QK
Web member
p= 169.9 kg lcomprassion)
‘\ designate (L85 Asfom®)  tom* 1 s {om}  Fylkgfem?) Elkglom?)
1 .26 0.008 0,152 2400 2100000
unbraced lergpth Luyz = 19 om
buzsr = 72.37 < 240 CK
Co=  N2pfEffy) = 131.4
FS=  5/3 + BF8+{KLUAWCe - /8 {KLL 1G] = 1.85
allove, Fa= [1-172+[KLUAPICoU RS = 1100.84 kalom?
shict term 1375.68
act,faxs {/As= 853 kgfomd < Fa OK
Web member
p= 169.9 kg (tension)
allow,Ft = 2376 kg/cm?
act, ft = t/As= 653 kg/cm? < Ft OK
Deflection check
joist, | = 41.42959 ¢m* 3 cm?
A = 0.725 cm 0.883 cm
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(4) AH&stsol W sfolEeia AA o

- AdF g8 THK 150mm

i e 80kgf/m”

- EYuAF 360kgf/m’

- ZaE 300kgf/m”

- A% AA<dE THK 150mm

- npzhekE 120kgf/m”

- £YPBAF 620kgf/m”
| - #&F 350kgf/m”

MIDAS/Gen

POST-PROCESSOR
BEAM DIAGRAM
HOMENT-y
1.50575e+000
1.082432+000
6.57077-001
2.32726e-001
0.00000e+000

-2.31338e+000
-2.73773e+000
-3.16203e+000

UNIT: tonf- m
DATE: 04/21/2007
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MIDAS/Set

Stair Design

1. Design Conditions
" Design Code : KCI-USDS9 (Build.)
taterial Data @ fx = 240 kgffcm*
f. = 4000 kgt/em-
Stair Type : BE4 (Both Fixed)

2. Section Properties

Landing Length ] 1.40 m
Lt 140m
Stair Length L.t 200m
Stair Height H, ¢ 1.80m
Stair Width Wy 2.70m
Stair Thk, Ty ¢ 150 cm
Landing Thk. Tt 15.0 cm
Cong, Clear Cover ¢. @ 2.0 em

3. Design Loads

-. LiveLoad {L.L}

(1) Stair Load
—. Finish Load (F.L)
- 8 = tani{HiL)

~. D.L = FL + 2400+(T:/cos{8)+18.7/2.0) =

= W = 140U+ 1.75L.L

{2) Landing Load
~. Finish Load (FiL}
-.D.L = FL+ 24007
- We = 14xDL+ 1.75LL

4. Negative Moment

= My = 2681 kgf-m/m
R - My ey

o @ 100%(T.~d:¥
-.p = 0.0051

= Acasn = 0.0020Tx1m

1

- A = Min[ p*{T-—ds)*1m, Acwin] =

5. Positive Moment

300 kgf/m?

60 kgf/m?
42.0°

1887 kgf/m¢

60 kof/m*
420 kgf/m*
1098 kgf/m?

19.34

3.00 cmé/m
6.29 cmé/m

769 kgi/m®

[ My 2000 | aa
T 1

g = 7 fm?
¥ = 1557 kal/ngi. < 1098 wtim:

/ ...... ‘ ..... ‘ ...... + J“{T_{T'R * f fk

==> D13 @ 200

- Maps = 1430 kgf-m/m
_ _ Mips _ o
B = oAy = 10.39
-0 = (.0027
= Aun = 0.0020+Tx1m = 3.00 cm¥/m
- A = Min[ox(Tr-d:}*1m. Awwl = 3.30 cm¥/m  ==> D13 @ 360
MIDAS/Set V 3.3.2

Date : 05/08/2008

(1™ 35471 B

o]

L

bttp:/fww. MidasUser.com

AR Alde] ALgA] dA)

_96_



(65) PC AAted B A7
A. AFEA] Bk

- AY FAAlE#HE THK 150mm

- wpzteE 120kg/m>
- &YgrAE 620kg/m?
- &3 350kg/m” -

B. Ab&AL otFoll tha] ZAled R Ao S A S

[19 354418 #zx3sled A3 HD13@200, 33 HD13@200% wj&3}x2
2ZYUEZ BT F FAst PC BA&HEE AFsg

C. §E4F-(ASHE + PC AGAASHB) A

(a) AFH

r

[F% 3
Levelling shims Steet angle He & SLAB
Cast-in sockets 1250
Rebate and bolts e
/ f —
o z — B AAT
s ke
5
Landing unit
Stair #light unit 4

DL = 740kg/m®, LL = 350kg/m’
W = 14DL + 1.7LL = 1.4x740 + 1.7x350 = 1631kg/m’
w = 1631 x 1 = 1631kg/m
AGR PC AGAAFE ] BAE] g3t 99F T Aol

wx L _ 1631 X2

Vo= —5 9

= 1631kgf/m

Vi, = 1631 x 1.95 = 2039%kgf
BE /) &9 A9 f, = R24kef/cm®  (5S400)

A, =L =209 _ oo 2E V139 Ay = 1.33em’

v F T 924
A, 22
n = A—ﬂ =133 = 1.65¢ea

upeta 27) ool WadEw BEEZ 3-M13S 53HE

{el

= g vigsta F
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1-125'90"13

DL = 740kg/m®, L.L = 350kg/m’

W = 14D.L + 1.7LL = 14x740 + 1.7x350 = 1631lkg/m’

w = 1631 x 1 = 1631kg/m
7%]?}7'%34 PC 73‘]%752/\}%3“39] ngsl-ﬁoﬂ Z}

A k& SLAB

1250

B ANG

s WS G

Ve = B o JOLXE 1631 kg
WARGI 2R 39l A FRA=d 50%9 §3&

My = wX I?  1.631 %22

=T = 5 = 0.544tf - m/m

My = 0.5Mu = 05 x 0544 = 0272 tf - m/m

.

irn)
ot

=]
HEE MIS(FI0T)o Awd

R

Vo = 15tf/cm® x 1.327 = 1.99tf/m > V,

+

60

—
<M<Ef[]’—‘

l

)
sl
=
{m
=

o]
o
S m F JER 5MA BB

My = 5 x Ma = 5 x 0119 = 0597tf - m/m > M,
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3.6 Hi-Form Ad AF3 Al=99 Mock-up Al¥ 2 %7}
4 e

¥ Mock UP TESTE stel# AGAFH dis) £aE 8N AT E
stetstr] 913 Aolth dtolF AVAFI L Ao AFHIALE AN="3tEr] 9
Eid=

Aol [2¥ 36.1], [28 362]9F Zo] 2E=Z7S AVAFHLE A&sle]
5 F Z39E B4 A9 AFS 53387 98 MOCK UP TESTE 3stgidh [z
g 3611004 UERA A Zo] Alde] HDIZEZS 4 - EAR Agstm A
AHAlE R6EZ o2 Ef2E Aetdd 200mmF o2 HA st AFZd AAA
A FuElE AATGILeH, AdHAEYRgE 22 E
28t FE Folgt Fuigl2 R A AIH
E AYAFH MOCK UP TEST 39
O Eldx 29 A% 39
@ stolF AGAFHY MWESH
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\ —te §
N N =
4
Ts
s —
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o
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> p
7 ! //
/ g /
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Truss{T&B) Truss(T&B)
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(29 363] [28 364]& A ASF71E 2AT A4AE, [298 365]= ®
Fr AAE FFAY EeS vEhden [ 6] FIHE BAEMNY EgS
HERA A,

(29 369], [293610]2 E32E g3 FBT

=
lo
)
4y
il
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i
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i
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Bu

Aoltt. A48 AGFALDE E2P2e ¢F AFHLCE AAH FA A
G B i sutgrl AAHA e 24 BAA ZIE] AT}
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