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An Experimental Study on the Performance and Field Application

of Low Noise Beam-slab Formwork using Table Type Multi-stage Drop System
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Abstract

In concrete construction work, formwork is an important process that accounts for 10% of the total construction cost.
Recent buildings are becoming bigger and higher. In order to maximize the efficiency and safety of this formwork, the
system of formworking has been systematized. However, the human accidents and the noise complaints arise from
dismantling processes frequently occur. In order to solve these problems, most of them are dependent on foreign
technology, but they do not take into consideration the conditions of domestic construction site. In this study, we
developed a table type multi-drop system form for a slab and beam which can improve the process, safety and
reduction of disassembly noise, and evaluated the physical properties of the main members which are used in the
system. The results of this study show that there is sufficient strength to be used as a slab and a laying material for
both a yoke beam and a supporting post. The noise level is improved compared to existing method.

Keywords : reinforced concrete structures, slab formwork, reducing noise, drop system
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An Experimental Study on the Performance and Field Application of Low Noise Beam-slab Formwork using Table Type Multi-stage Drop System
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Figure 1. Table type multi-drop system form (DS system)
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Figure 2. Comparison of formwork methods
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Table 1. Characteristics of construction method (Panel system)

Install Installation by 3~4 People
Smoothness  Occurrence of flexing
Characteristics  Perpendicularity Occurrence of vertical badness
Structure  Unsafety (panels depend on nails)
Continuous noise Continuous noise due to on-site machining

Noise occurrence Noise due to handiwork

Panel damage Impossible of reuse
" Difficult to work due to material handing and
Workabilty on-site processing
Safety is unfavorable, especially safety accident
Safety caused by high-evel work
Construction quality Variations in construction quality depending on

operator
Economics High portion of personnel expenses

Construction is possible at 4,200 mm height, safety
problem occurs.

Dismantling

High Floor Construction
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Table 2. Characteristics of construction method (A system)

Install Installation by 1~2 People
Smoothness  Great

-, . Vertical deformation occurs because there is no
Characteristios - Perpendcularity span adjustment function.

Structure Safety (installation of beam under deck panel)
Continuous noise  Occurs in primary down

Noise reduction using 600mm drop system
(some noise is generated)

Less damage to deck panel due to 600mm drop
Panel damage system using 2-stage drop head

Noise generation

Dismenting  workabilty ~ Adding a process due to a 2-stage drop
Safety Safety (removal of yoke beam after panel
disassembly)
Support 3-step dismantling requires additional process
Construction quality Great
Economics Added production cost and material cost

High Floor Construction Not applicable at 4,200mm height
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Table 3. Characteristics of construction method (B system)

Install Installation by 1~2 People
Smoothness — Great
i~ Perpendicularity Great
Creracteristics Structure  Safety (installation of beam under deck panel)

Continuous noise No loud noises

Low noise (directly connected with one - drop yoke
Noise generation beam to prevent noise by preventing sudden drop)

Reduced deck panel damage by preventing direct drop
Panel damage by directly connecting a drop type yoke beam

Dismantlin i i ~
0 Workabilty Quick and simple (dismantable by 1~2 people)
Sy Safety (removal of yoke beam after panel disassembly)
Shorten construction period by beforehandedness
Support dismantling
Construction quality Great
Economics No need for production cost by using existing support

High Floor Construction Not applicable at 4,200 mm height

Table 4. Characteristics of construction method (S system)

Install Installation by 3~4 People
Smoothness  Occurrence of flexing
Perpendicularity Great
Structure  Safety (installation of beam under deck panel)

Continuous noise Occurs in primary down

Characteristics

Noise reduction using 60mm drop system
(some noise is generated)

Panel damage Less damage to deck panel due to 60mm drop system

Noise generation

Dismantling ) ; »
" Separate  demounting  requires  additional - process

Workabilty operations
Safety Safety (removal of yoke beam after panel disassembly)

A step occurs where the exclusive panel meets the
other panel

Dedicated deck panels are expensive and other panel
production costs are added.

Not applicable at 4200mm height

Construction quality
Economics

High Floor Construction

Table 5. Characteristics of construction method (DS system)

Install
Smoothness

Installation by 1~2 People
Creat

Characteristics Perpendicularity Great

Structure  Safety (installation of beam under deck panel)
Continuous '
noise No loud noises
After first 100mm drop, it prevents sudden dropping by
Noise muli-step drop to minimize noise
generation  (50mm multi-step down)
50mm multi-step down by using down support, down
Parl damege }3% negl.e level to prevent free fall, thus no damage to
Dismantling i i i "
Workabilty Quick and simple (dismantable by 1~2 people)
Sefely Safety (removal of beams after panel disassenbly)
Shorten construction period by beforehandedness
Support  dismantiing

Construction quality
Economics

High Foor Construction

Great
There is no additional input, no incident costs due to
no-accident construction.

Applicable at a depth of 4200 mm
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Table 6. Load setting for reviewing the usability of a prop

beam
ltems Load Remarks

504 kg/m Slab thickness (210mm)
Fixed load

40 kg/m Alfom thickness (4mm)
Working load 250 kg/m"
Design load 794 kg/m* Fixed load + Working load
Shared load 952.8 keg/m Design load * Sharing width (1200mm)
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Table 7. Material property of a prop beam (Aluminum 6061-T6) Table 9. Load setting for reviewing the usability of a timber

beam
Modulus Tension Comp. Shear
of Ultimate Yield Yield Ultimate Yield ltems Load Remarks
elasticity _ strength  strength strength strength strength | ;
; 1,680 kg/m Beam section (500x700mm)
kg™ Ry (kgm Rty (gm Foy kgm  Fsu (gm  Fsy (kgm Fixed load
- )
7110 2675 2464 2464 16.90 14,08 40 kg Alforn thickness (4 e}
Working load 350 kg/m
Table 8. Section properties of a prop beam Design load 2,070 kg/m* Fixed load + Working load
Shared load 5.175 kgfem Design load * Sharing width (25 mm)
ltems Value
Cross section Almm?) 1918
Geometrical moment of 2853200 %, Aol 9 HEelES Table 99} o] A4eiglo
Geomeral momert of 357,400 A7) 800meHe] TEHAS ST,
Section modulus (top) Zx top(mm?) 54,550
Section modulus (bottom)  Zx,bot(mm?) 49,450 3.2.2 3 A3¥
Radius of gyration of . _
area (S yaxis) ix(mm) 386 AR HolEY ot B AAERS o] F = =8
Rads of Jyiation of ymm) 142 491 HEH Wlo] A¢S Table 100] Yebhch, E3h,
Modulus of elasticity E(kg/mm?) 7.03E+03 AYzAe 3.194 ]?:P;QEH q 2 é—l@ﬂ' %?:,_]6]-\3{ Figure
4} o] AFS HASHTE
3.1.2 § A¥
H Ao glo|EY tht 55 AAEE: o]|f= Fa 49 Table 10. Section properties of a beam timber
11:,:_]—§E1.[:]'] tg‘g] 3}%— xﬁé]'}\ézg IL]-Qﬂ%}7] '?4?.1: }:‘E']_{g'% —}l\";]o-]‘a_]‘ ltems Value
93\1:1' ‘?:Hé]’EH H‘:']Eq Zﬂ%% Table 7, 80“ L}E}LH%\E]— Cross section Almm?) 2,321
}\e]@—lz—ﬁ% X]Z_]’ 2, QOOmmoﬂ/ﬂ 2;1(:4: 7 }E_:}o] E]E% Z,\_z] Geometrioal< mome)nt of (mimi®) 1213900
= = = - = . inertia (x axis i
S5 71 Sk AEA BAWRE Rewe s om0 E0
> = = = i r[ i B
olololelg olgalo] ajol 3158 1) siien, 24 et o1s 3
= = . _ Section modulus (top) Zx,top(mm?) 25,660
of 285z st HIolHEAE A8t ASsIT,
Section modulus (bottom) Zx,bot(mm?) 37,120
Radius of gyration of area .
X axis) ix(mm) 229
Radius of gyration of area . B
(y axis) y(mm)
Modulus of elasticity Elkg/mm?) 7.03E+03

Figure 4. The flexural test of a timber beam



Figure 5. Flexural test of a bracket
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Table 11. Load setting for reviewing the usability of a post

ltems Load Remarks
) 360 kg/m' Slab thickness (150 mm)
Fixed load )
40 kg/m Alfom thickness (4 mm)
Working load 250 kg/m" -
Design load 650 kg/m" Fixed load + Working load
34.2 3 A¥

2 AES A ) 719 YRR AMERE dFkE
FHlelE A%17o] 3310mme 3jo] Algl7|of| AAJslar o]
T 9 HpETe] S A7) st Ziste] Sell YAA
7131 ol ofgt Y=sts Afsh S ATt F8t
Z]o] AYL Table 12, 13, AFAAL Figure 63} 2t}

353

Table 12. Section properties of a beam timber

ltems Value
Cross section Almm?) 2,321
Geometrical moment of inertia (x axis) IX(mm?) 1,213,900
Geometrical moment of inertia (y axis) ly(mm?®) -
Section modulus (top) Zx top(mm?) 25,660
Section modulus (bottom) Zx,bot(mm?) 37,120
Radius of gyration of area (x axis) ix(mm) 229
Radius of gyration of area (y axis) iy(mm) -
Modulus of elasticity E(kg/mm?) 7.03E+03

Table 13. Section properties of a beam timber

[tems Value
Cross section Almm?) 1,804.06
Geometrical moment of inertia (x axis) IX(mm?) 1,566,848
Geometrical moment of inertia (y axis) ly(mm?) 1,560,197
Section modulus (top) Zx top(mm?) 339,880
Section modulus (bottom) Zx bot(mm®) 325,072

Radius of gyration of area (x axis) ix(mm) 2947

Radius of gyration of area (y axis) iy(mm) 29.41
Modulus of elasticity E(kg/mn?) 7.03E+03

Figure 6. Compression test of a supporting post
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Table 14. The specification of noise measurement equipments

Table 15. The specification of test equipments

Equipment name Purpose Test method

Sound Level -Measurement time : 10minx3rd time
F?Qal %%2\’2”2?”38 -Measurement value : Leg, Lmax,
(Na-27)) VSIS L min 3/1 Octave band

Real-time
measurement and
data acquisition

-Measurement time : 2minx7th time

PDA analyzer +
-Measurement value : Time history

microphone

Equipment

name Purpose Test method
Real-time measurement  -Measurement time : 60min
Data logger and data acquisition -Measurement value : um
LVDT Real-time measurement ~Measurement fime : 60min

—-Measurement value : gm

Figure 8. Evaluate the noise of complaints level
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Figure 10. Load-displacement curve of a prop beam
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Table 17. Failure load and allowable load according to test
results
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Figure 11. Load-displacement curve of a timber beam
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Table 20. Noise level of dismantling formwork (AL Form)

Average
ltems No. 1 No. 2 No. 3 (dB(A)
Noise distribution 92~1004 106~1154 105~1149 101~110.2
Maximum noise 1004 1154 114.9 110.2

(Lmax)

Table 21. Noise level of dismantling formwork (DS System)

Pin removal Panel drop Average

|
tems No.1 No. 2 No.3 No4  (dBA)

Noise distribution84.0~86.684.4~91.478.8~83.774.0~84.0 80.3~86.4

Maximum noise

(Lmax) 8.6

914 83.7 84.0 86.4

101~110.2
B AEe

y
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Figure 13. Noise measurement results during pin removal
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Figure 14. Noise measurement results during panel drop
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Figure 15. Noise measurement results from 25m distance (AL Form)
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Figure 16. Noise measurement results from 25m distance (DS system)
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Table 22. Noise calculation results by distance (AL Form)

ems Distance (m)
30 40 50 100 150 200
Noise (dB(A)) 78 75 73 67 63 61




Table 23. Noise calculation results by distance (DS system)

ltorms Distance (m)
30 40 50 100 150 200
Noise (dB(A)  67.9 65.4 63.4 574 539 51.4
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Figure 17. Deflection result according to loading load and working
load during casting (Construction site)
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Figure 18. Deflection result according to loading load and working
load during casting (Mock-up)
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