Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

July-August 2022 Page No. 1521-1543

Article History: Received: 30 March 2022, Revised: 8 April 2022, Accepted: 15 April 2022, Publication: 30 April 2022

Safety Analysis of Formwork Fystem in Core Tube
Construction of Super High-rise Building

Baitian Wang'?", Hongjuan Zhao?, Qiyu Li*, Junjie Sun? D.C.Zhang*
'School of civil engineering, Nanjing Tech University, Nanjing, Jiangsu , China
2School of architecture and civil engineering, Shanggiu University, Shanggiu, China
*Corresponding Author.

Abstract:

Taking the formwork system in core tube construction of a super high-rise building project as the research
background, taking the fixed load combination value according to the Load Code for the Design of
Building Structures, combined with different construction stages and wind load directions, considering
the failure and sinking of a single-piston rod by 100mm, 45 working conditions are determined. The finite
element model of the jacking formwork system is established on ANSYS. The permanent load, live load ,
wind load are determined in detail. The safety of the formwork system during the construction of the core
tube is evaluated from the three aspects of strength, stiffness ,stability. According to the analysis results, it
is determined that the formwork system is safe during the construction process. The support reaction of
the model structure is extracted. Based on the analysis results, the suggestions in the construction process
are put forward, which lays a foundation for the safe design and construction of the core tube formwork
system.

Keywords: Mold base system, Wind load, Safety analysis, Core tube, Super high rise building.

I. INTRODUCTION

In the construction process of super high-rise buildings, there are some obvious problems, such as
concrete transportation, material hoisting, template construction technology, construction accuracy control,
etc. Super high-rise buildings are generally standard layers, and the vertical structure changes slightly. The
integral construction formwork system has the advantages of fast construction speed, good sealing
performance of steel platform, good construction safety, easy quality assurance, which is widely used in the
construction of concrete core tubes of super high-rise buildings. It has been successfully applied in Shanghai
Jinmao Building, Global Financial Center, Nanjing Zifeng Building, Guangzhou New TV Tower core tube
structure, Shanghai Center Building, Shanghai Jing'an Dazhongli T2 Main Building, Shanghai International
Aviation Service Center core tube, Shanghai Shimao International Plaza.

The construction formwork system in super high-rise buildings is mostly in the form of integral jacking,
low support, electronically controlled hydraulic control. With large tonnage and long stroke cylinder as the
power, the number of supporting systems supporting the structure of the next two layers is 3-4. Under the
action of the lifting cylinder, the hanging scaffold and template system are lifted together with the steel
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platform, and the lifting synchronization of each supporting point is ensured by hydraulic electronic control
device ™, as shown in Figure 1. Based on the development history of traditional integral steel platform
formwork and intelligent control integral steel platform formwork™E focus on the technical development
of integral steel platform formwork equipment supported by inner tube and outer frame, temporary steel
column support integral steel platform formwork equipment, rigid steel column support integral steel
platform formwork equipment, steel beam and cylinder frame alternative support integral steel platform
formwork equipment, steel column and cylinder frame alternative support integral steel platform formwork
equipment.

Steel frame

system Hanger and

auxiliary facilities
1

Formwork
system

Ml == Supportand
1|/ " jacking System

Fig. 1: Lifting formwork system of super high-rise building

The jacking formwork is mainly composed of a support system, platform system, hanging frame system,
template system, intelligent hydraulic control system™®®]. The key technology of steel support column
attachment of irregular core tube climbing formwork frame is put forward. Based on the high-efficiency
construction requirements of super high-rise concrete core tube structure, an intelligent jack-up formwork
system is proposed, which can realize unmanned independent climbing and automatic opening and closing
of formwork[”. Starting from the analysis of the basic methods of the selection and design, installation and
use, and demolition of the hydraulic climbing formwork system, combined with the calculation and analysis
of the structural stress, the hydraulic climbing formwork system of the super high-rise special-shaped shear
wall structure was systematically optimized!®.

The numerical simulation and field test of the steel platform was carried out by Midas Gen software to
study the integral jacking steel platform used in the construction of the core tube of a super high-rise
building™. With the help of SAP2000, the structure of the system is optimized and analyzed, and the whole
system of the lifting template is optimized. The fuzzy mathematics analysis method is introduced into the
technical and economic comparison selection with construction technical parameters!®!. Using the method
of numerical simulation analysis, the mechanical performance of the construction integrated platform used
in the core tube construction of a super high-rise building is studied. Taking the integral jacking formwork
system of a super high-rise building as the research object, considering the dynamic characteristics of the
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main structure changing with the construction stage and other factors, the dynamic time history analysis of

the structure under earthquake action is carried out by finite element software SAP2000!.

The key technologies and design methods of standardized connection of integral steel platform are
studied™?. Starting from the modification and optimization of modular low-lift formwork system, the
modification and optimization were carried out based on Fuzhou Shimao Project, and successfully applied to
the process of Yuyang Project!*®l. By using the method of theoretical analysis, field monitoring, numerical
simulation, the wind environment distribution of 600 m super high-rise buildings under strong wind during
the construction period, the wind-induced response law of incomplete structures, the safety step of unequal
height synchronous climbing construction and construction measures are systematically studied™. The
complex climbing conditions in the construction of super high-rise hydraulic climbing formwork are
analyzed, and the measures of installing a variable cross-section cushion plate between the upper wall
attachment device and the wall are adopted. The bottom design and installation of the hanging platform
solve the problem of connection between climbing formwork and elevator!*?!. -

II. ENGINEERING OVERVIEW

The total building area of the building is about 370,000 m? a total of 117 floors, and the structural
height is 597 m. The tower plane is square. The floor plane gradually decreases with the oblique facade. The
plane size of the first floor of the tower is about 65 mx65 m, and when it gradually changes to the top floor,
the plane size is about 45 mx45 m, and the height-width ratio is 9.7. The central concrete core tube is
rectangular, and the plane size is about 34 mx 37 m. It is mainly used for high-speed elevator rooms,
equipment rooms, service rooms. As shown in Figure 2, it is the actual construction drawings and the overall
structure. Figure 3 is the overall dynamic characteristics of the structure. The first two modes are translation
and the third mode is rotation.
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a Core tube in construction b Overall structure system c Core tube

Fig.2:The actual construction drawing and the overall diagram of structure
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aTl=9.255s ( X-translation) bT2=09.135s ( Y-translation) ¢ T3 =3.573 ( Z- rotation)
Fig. 3:Dynamic characteristics of structure

A low-level jack-up steel platform formwork system is adopted in core tube construction, including
support and jack-up system, steel platform system, hanging frame and safety protection system, formwork
system. The support and jack-up system consist of four large-scale, large-tonnage, hydraulic jack-up
cylinders, supporting box girder, supporting column. The bracket of the supporting box girder extends into
the reserved hole of the inner wall of the core tube to support the whole formwork system. Hanging frame
and safety protection system hanging in steel platform truss bottom chord provides working face. The
template adopts a steel-span wood formwork system with an activator and tension screw. The formwork
climbs together with the formwork platform, and the construction speed is up to 4-5 days per floor. Fig. 4
shows the overall distribution of core tube shear wall and formwork system.
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a Overall effect drawing of core shear wall distribution b Formwork system

Fig. 4:0Overall effect of core tube shear wall distribution and formwork system
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II1. Finite element model of formwork system

The general finite element software ANSYS was used to analyze the safety of the structure. The finite
element models of the support and lifting system, the steel platform system were established. BEAM188
element was selected for all the members. The finite element model is shown in Fig. 5.

Fig. 5: Finite element model of formwork system

Modal analysis was carried out on the core tube, hanger ( taking one piece for calculation ) , steel
platform. These provide the basis for the wind vibration coefficient value of wind load. Table 1 shows the
period, frequency, vibration mode characteristics of the core tube, hanger ( taking a piece for calculation ),
steel platform.

Table 3.1 Structural vibration characteristics

structure vibration cycle frequency modal
mode characteristics

Core 1 17.40 0.057 translat?on
tube 2 16.89 0.059 translgtlon

3 10.37 0.96 torsion
1 0.89 1.12 translation
Hangers 2 0.87 1.14 translation

3 0.65 1.53 torsion

1 1.75 0.57 Torsion
Steel (overall)
platform 2 1.52 0.66 translation
1.39 0.72 translation
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IV.DETERMINATION OF LOAD VALUE
4.1 Load of formwork system

The constant load includes the dead weight of the structure itself, the constant load of the hanger, the
constant load of the template, the load of the cage, other fixed equipment facilities. Among them, the hanger
constant load and template constant load are simplified as linear load according to the actual situation and
loaded according to the design position. The load standard value is as follows.

Outside hanger system : 5.57 KN/ m

Inside of the hanger system ( including steel formwork ) : 9.10 kN / m
Elevator cage : 11t

Concrete spreader : 10 t

The live load on the top of the steel platform includes construction materials, personnel, machinery,
hangers, other loads. Taking full account of the actual construction situation, 1.5 kN / m? is taken outside the
core tube concrete, 10 kN / m? is taken in the center of the core tube, and 7.0 kN / m? is taken between the
two parts. 6 kN / m? for live load of the hanger system based on two-layer full load.

4.2 Wind load value

The tower formwork system is located at the top of the core tube of a project, which is the auxiliary
structure for construction. According to the “Load Code for Building Structures”*® the wind load is
calculated by the basic wind pressure Wy = 0.3kN / m?. The hanging frame is not completely connected with
the steel platform, so the wind load on the windward side of the hanging frame is undertaken by the core
tube, and half of the horizontal wind load is transferred to the steel platform, while the wind load on the
bottom, side, back of the hanging system is all transferred to the steel platform. In order to determine the
windshield coefficient of the hanging frame, the opening ratio of the aluminum plate punching network is
setto 0.5.

The height of the core tube of the building is close to 600m. Because the wind around the top of the
structure is complex at high altitude ( 400m-600m ), it is necessary to consider the upward lift effect and the
downward pressure effect of the wind load on the steel truss platform plate, and the wind load in X and Y
directions is considered respectively.

Taking the wind load along the X direction as an example, it is explained in detail.

1) The horizontal wind load on the steel platform truss is distributed on the first three trusses closest to
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the windward surface.

2 ) As shown in Figure 6a, the hangers ( locations of zones 1, 2, 3, 4, 6, 7, 8 , 9 outside the steel truss
platform) are not structurally considered, all wind loads ( only half of the horizontal load of the windward
hangers ) are applied to the members of the corresponding lower chord of the steel truss.

3) The vertical wind load on the steel truss platform is applied to the steel truss platform plate .

According to the standard wind load calculation formula :
a)k :ﬂzﬂs/uza)o

Formula : @, , wind load standard value ; 3, , wind vibration coefficient at height z ; 4, wind load

shape coefficient ; z, »  wind pressure height variation coefficient ; @, , basic wind pressure.

According to the above calculation, the natural vibration period of the core tube frame structure is 17.4s,
and the natural vibration period of the steel platform formwork system is 0.89s. The natural vibration period
of the steel platform and the hanger is smaller than that of the core tube structure. The steel platform and the
hanger are finally attached to the core tube structure. Therefore, the natural vibration period of the core tube
should be selected when calculating the wind load vibration coefficient of the tower formwork system.

The shape coefficient of each side of the hanger, the shape coefficient of each bottom, and the shape
coefficient of the steel platform plate are shown in Fig. 6, b, ¢, and d, respectively. The internal value of
brackets in Fig. d represents the shape coefficient corresponding to the upward suction effect of wind load

on the steel truss platform plate.

1 2 3 1 2 3
4 5 6 +0.8 4 5 6
7 8 9 7 8 9

a Partition diagram of wind load on steel platform b  Shape coefficient of cind load on lateral face
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7 8 9
-0.7

~
=)

¢ Shape coefficient of wind load on bottom  d Shape coefficient of wind load on top
Fig 6 Structure partition and shape coefficient

4.3 Load summary
Permanent load standard value : 1058 t, including steel platform : 478 t, hanger and template : 580 t
Live load standard value : 563 t, including hanger live load 222 t, steel platform live load 341 t
Total load standard value : 1621 t
Horizontal wind load standard value X direction : 58.9 t
Steel platform top vertical wind load ( pressure ) standard value : 90.0 t
Steel platform top vertical wind load ( suction ) standard value : 91.7 t

4.4 Condition determination

During the construction process, the operation mode of the formwork system mainly includes two types:
one is the jacking process of the formwork itself; the second is the process of auxiliary pouring concrete of
the main structure after lifting the formwork. In the first kind of process, for completing the construction of
the top of the main structure, the formwork system rises to the highest position ( the upper supporting box
girder of the formwork system has just risen in place, has not been fixed, and all the load is borne by the
lower box girder). At this time, it is one of the most dangerous states for the formwork system, and this state
is referred to as 'the stage of jacking to the highest position'. In the second process, when the formwork
system rises to the highest position ( the highest position where the formwork system can be located
throughout the construction period ) and is fixed in place, it is also one of the most dangerous states for the
formwork system. This state is referred to as 'the stage of concrete construction’.

In addition, during the lifting process of the formwork system, it is considered that a jack may fail and
cause the lifting asynchronous. Therefore, another structural state is set in this paper, which is referred to as
'single-piston rod sinking 100 mm' for simulating the situation that the vertical displacement at the bottom of
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the corresponding column is 100 mm more than that of the column when a jack fails.

According to the above description, the number combination of each condition, as table 2 shows the
basic combination of load condition, table 3 shows the standard combination of load condition table. For the
convenience of expression, for the number of box girder support, the specific node position is shown in Fig.
7. In the figure, the lower box girder support is represented by IA0J, the upper box girder support is
represented by IB0J, and the column lateral constraint support is represented by 1C0J. Here | refers to the
column number, and J refers to the bracket number under the column, which is numbered in clockwise order.

Condition constraints are as follows :

1) Working conditions 1~12: 1A0J, 2A0J, 3A0J, 4A0J (J = 1,2,3,4 ) of the lower box girder bearing
are constrained, including16 nodes translational degrees of freedom along X, Y, Z directions ; the constraint
of the anti-side device corresponds to the translational degrees of freedom along X and Y directions is
implemented.

2 ) Working conditions 13~20: Constraint upper box girder bearing 1B0J, 2B0J, 3B0J, 4B0J ( J =
1,2,3,4 ), a total of 16 nodes along the X, Y, Z direction of translational freedom; the constraint anti-side
device corresponds to the translational degrees of freedom of all bearings along with X and Y directions.

3 ) Working conditions 21~25: The translational degrees of freedom are constrained at the same
constraint position as working conditions 1~12, but 100 mm displacement constraint is applied in Z
direction under one pillar; the constraint anti-side device corresponds to the translational degrees of freedom
of all bearings along with X and Y directions.

4 ) Working conditions 26~29: the same constraints as operating conditions 1~12.

5 ) Working conditions 30~37: the same constraints as operating conditions 1~12.

6 ) Working conditions 38~45: the same constraints as working conditions 13~20.

From the perspective of structural strength, stiffness and stability, the safety of jacking to the highest

position, concrete construction state and single jack failure state are checked, and the data of bearing
reaction, stress, displacement and buckling eigenvalue are extracted.
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Fig 7 Schematic diagram of formwork support system

Table 2 Table of basic load combinations
(D is permanent load, L is live load and W is wind load)

Load details
Numb Conte Working condition wind .
. . . Wind
er nt combination Combined content direc
. load effect
tion
Platform
1 . X compressi
Variable load effect on
control (live load 1.2D+1.4L+0.6 X 1.4W
lays a leading role) Platform
2 Play g Y compressi
) on
Liftto Platform
the .
3 hidhes X compressi
gt Permanent load 1.35D+0.7 X 1.4L+0.6 X on
.. effect control 1.4W Platform
positi )
4 Y compressi
on
on
5 Variable load effect 1D+1.4L+0.6 X 1.4W X Platform
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control (live load tension
dominates and
6 permanent load is Platform
beneficial to the tension
structure)
; Permanent load Platform
ff I [
effect contro . 1D+0.7X 14L+0.6 X tension
(permanent load is L AW Platform
8 beneficial to the ' .
tension
structure)
Platform
. mpressi
o Variable load effect c0 anSSI
control (wind load 1.2D+1.4W+0.7 X 1.4L
lays a leading role) Platform
10 Play g compressi
on
Variable load effect Platform
11 control (wind load tension
dominates,
permape_nt load is 1.0D+1.4AW
beneficial to the Platform
12 structure, and live tension
load is not
considered)
Platform
13 Variable load effect com(;)nr:esm
control (live load 1.2D+1.4L+0.6 X 1.4W
lays a leading role) Platform
14 Play g compressi
on
Platform
Concr _
15 compressi
ete
constr on
16 uction  Variable load effect Pt:;:?;:]
stage  control (wind load 1.2D+1.4W+0.7 X 1.4L
lays a leading role) Platform
17 play g compressi
on
18 platfgrm
tension
19 Variable load effect 1D+1.4W+0.7 X 1.4L platform
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control (wind load tension
dominates and
permanent load is Platform
20 . Y )
beneficial to the tension
structure)
Variable load effect Platform
21 ) X .
control (wind load tension
dominates,
permanent load is
.0D+1.
22 Sinkin beneficial to the 1.0D+L4W v Platform
g of structure, and live tension
single load is not
-pisto considered)
n rod Platform
) Permanent load 1.35D+0.7 X 1.4L+0.6 X .
23 during X compressi
. effect control 1.4W
jackin on
g Variable load effect Platform
24 100m control (live load 1.2D+1.4L+0.6 X 1.4W X compressi
m plays a leading role) on
Variable load effect Platform
25 control (wind load 1.2D+1.4W+0.7 X 1.4L X compressi
plays a leading role) on
Platform
26 X compressi
Single  Only wind load is W on
calcul considered Platform
27 ation X tension
condit
28 ion Onl)_/ Permgnent D
load is considered
29 Live load only L
Table 3 The load standard combination conditions
Load details
Numb  Conte Working condition Wind .
N . wind
er nt combination Combined content load ..
direction
effect
30 5 — Platform X
31 S & F Thelive load effect tension Y
= a o 1.0D+0.7L+1.0W
32 5 § ; controlling is wind load 0D+0 0 Platform X
33 ° @® compres Y
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sion
34 The live load effect that Platfgrm X
35 lays a controlling role tension Y
36 playsacs g 1.0D+1.0L+0.7W Platform X
is other live loads other COMDIES
37 than wind load P %
sion
38 o Platform X
39 o ) tension Y
>
9 3 Thelweloadeffect ) o 07141.0w Platform X
= controlling is wind load COMDreS
a3 P %
= sion
42 = ) Platf X
= The live load effect that at grm
43 4 lays a controlling role tension Y
4 2 Pasad g 1.0D+1.0L+0.7W Platform X
o is other live loads other compres
45 ? than wind load sion Y

V. STRUCTURAL ANALYSIS RESULTS
5.1 The stage of jacking to the highest position

To express the analysis clearly, the steel truss platform system is divided into four parts: main truss,
secondary truss, column and box girder.

Fig. 8 shows the maximum stress ratio of each part of the bar at the maximum stage of lifting. Figure 9
shows the maximum displacements of X, Y, Z under different working conditions. The stress ratio refers to
the ratio of the maximum normal stress at the edge of the section under the combined action of axial force
and bending moment to the design value of steel strength!*”). The strength is calculated according to the
basic combination, and the displacement is calculated according to the standard combination.

= Main truss = Displacement in X direction
104 ® Secondary truss + Displacement in Y direction
' 4 Column 504 4 Displacement in Z direction
* * * Box girder — A
094 * " * A
* € 454 A A
> £ A &
0.8 - =
A A a— 404 & “
277 . s £ fea ©
= . 35
Tos{ " = B o 5
o
3 “ o Swy "
@ 054 w Y o
& . » ]
W 44 - o - P | B %1 L]
L]
A £ . ol
. . 204
03 . g . .
* =
0.24 L g 15 L - \ L]
0.1 T T T T T T T T T T T T ! 10 - T T T T T T T |
o 1 2 3 4 5 6 7 8 9 10 1M 12 13 29 30 31 32 33 34 35 36 37 38
Condition number Condition number

Fig. 8:The maximum stress ratio of each part Fig. 9:The maximum displacements of X, Y, Z
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5.2 Concrete construction stage

Fig. 10 and Fig. 11 show the maximum stress ratio and the maximum displacement of X, Y, Z under
different working conditions of each part of the structure in the concrete construction stage.

= Main truss = Displacement in X direction
50 h . .
i @ Secondary truss E : B!sp:acemen}c Tn \Zlg.lrec:.mn
ol — A A Column E s isplacement in Z direction
g L v Boxgirder | Z R .
- N = 40 4 A ~ =
0.6 v " AN, | [= a -
0 N . n [ A
= v NS \ / £ 35
© \ X N A &
= 05 o/ % o
o o Ny @© 30
g : 3
. [ D a5 A
% 0.4 4 . o . a% n » »
® . . £ 20 X . n
0.3 L g PR . .
5% 151 _ \
© L . w . L}
0.2 T T T T T T T T | S 0 ; ; . ; . ] ; . ,
2 1 14 15 16 17 18 19 20 2 37 38 39 40 41 42 43 44 45 46

Condition number Condition number F|g10The maximum
stress ratio of each part  Fig. 11:The maximum displacements of X, Y, Z

5.3 single-piston rod sink 100 mm

Fig. 12 and Fig. 13 show the maximum stress ratio and the maximum displacement of X, Y and Z of
the structure with a single-piston rod sinking 100 mm under different working conditions.

Main truss = Displacement in X direction

.
164 —* Secondary truss 3501 » Displacement in Y direction
4— Column v v ; . 4— Displacement in Z direction
144 v Boxgirder £ 300+ A A A
~ s
= e
o 12 ¥ S 250
kS £
g 1.0 A A 3
a - @ 200
7] v o
] i o
£ 084 “ 2
e . s . 2 150
-
064 = . . . 5
. .% 100 - — . N
0.4
N =
T T T T T 1 50 T T T T T 1
20 21 22 23 24 25 26 20 21 22 23 24 25 26
Condition number Condition number

Fig.12:The maximum stress ratio of each part Fig.13:The maximum displacements of X, Y, Z
5.4 Stability analysis
Fig. 14 shows the stability characteristic values of each working condition. Condition 4, condition 14,
condition 23 are the minimum buckling eigenvalues under three different conditions: the stage of jacking to

the highest position, the stage of concrete construction, single-piston rod sinking 100 mm. Fig. 15 shows the
instability mode diagram of condition 4, condition 14 and condition 23.
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Fig 14 Eigenvalues of buckling stability under various working conditions

Condition14

Condition 4

Condition 23
Fig. 15 Instability mode diagram of formwork system

5.5 Nephogram of displacement and stress ratio

According to the analysis results, the maximum stress ratio appears in condition 9 in each working
condition during the stage of jacking to the highest position, the maximum stress ratio in the stage of
concrete construction is 15, the maximum displacement condition during the stage of jacking to the highest
position is 32, the maximum displacement condition during the concrete construction stage is 40, and the
maximum failure stress of a single-piston rod appears in condition 24. Figures 16 and 17 show the maximum

stress ratio and displacement nephogram of the stage of jacking to the highest position and the stage of
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concrete construction, respectively. Figure 18 shows the maximum stress ratio nephogram of single-piston
rod sinking 100 mm.
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Fig. 16: Displacement and maximum stress ratio in the stage of jacking to the highest position

1536



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

July-August 2022 Page No. 1521-1543

Article History: Received: 30 March 2022, Revised: 8 April 2022, Accepted: 15 April 2022, Publication: 30 April 2022

——  — ===
Sovoam S e GED o ot e Ere = e
1am daes s 5¢s 1.6 35717 20 5.9

Y direction Z direction
(a) Displacement nephogram under working condition number40

AN AN

ELEMENT SOLUTION ELEMENT SOLUTION
DEC 7 2012 DEC 7 2012
STEP: 10:57:26 10:57:28
s
TINE=1
YINGLIBI (NOAVG) Rty
R
X =161.494 [Ny b j
SMN =.288E-03 y
X =, 604391
[ g aee— ] [ Ie—— ]
~2882-03 “134533 “268178 om0 1531269 T6722-08 ~o8setE 165226 TTETes S338384
06741 201656 La3s301 470146 J604351 042357 126936 211515 296094 1300673
ELEMENT SOLUTION AN ELEVENT SOLUTION AN
2 DEC 7 2012 A DEC 7 2012
STEP=1 10:57:29 STEP=L 10:57:28
B -1 sta =1
TINE=1 - TINE=1
YINGLIBI (NOAVG) Ty YINGLIBL (NOBVE)
TOP A%
& ,%'7\ IME =161.490 N
s é S0 =.1116-04 P
% MK =.542918 <
2 - ¥
s -
75 ; -
P |72 ;;;; Wi
i e B
\Lx =) Jk:i‘ 2
f; § Lt
b - =
& £
BT
) o
=
= — — — — —
42-03 “156768 13262 BT ~626245 “111z-08 ~12085¢ -241301 eI 42591
078521 23501 35150 548002 04436 060334 180573 301624 Lez226 542514

Column Column supporting box girder
(b ) Stress ratio distribution map under condition number 15
Fig.17:The maximum displacement and stress ratio nephogram of the stage of concrete construction

1537



Forest Chemicals Review

www.forestchemicalsreview.com

ISSN: 1520-0191

July-August 2022 Page No. 1521-1543

Article History: Received: 30 March 2022, Revised: 8 April 2022, Accepted: 15 April 2022, Publication: 30 April 2022

Column Column supporting box girder

Fig.18:Stress ratio distribution nephogram under working condition number 24

5.6 Bearing reaction

The load of the steel platform is transferred to the main structure of the concrete core tube through the
column and the corbel support. There is a large stress concentration in the local area of the core tube
concrete. Therefore, to check the local bearing capacity of the core concrete in the later stage, the constraint
reaction force of all corbel support and lateral support is extracted. According to the basic combination
bearing reactions under the condition of 1-29 are selected. Figure 19 - Figure 22 shows the distribution of

the reaction force in the X, Y, Z directions of the bracket bearings under four columns under 1-29 working
conditions.
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Fig. 22:Lateral bracket reaction force
5.7 Summary of checking results
Based on the above analysis, the following conclusions can be drawn.
5.7.1 The stage of jacking to the highest position

The stress ratio of the main truss is lower than 1.0, and the maximum stress ratio is 0.68, which occurs
under working condition 10, and the strength meets the requirements. The stress ratio of the secondary truss
is lower than 1.0, the maximum stress ratio is 0.43, which occurs in condition 1, the strength meets the
requirements. The stress ratio of the column is less than 1.0, the maximum stress ratio is 0.73, which occurs
in working condition 1, all in less than 0.5 except for the diagonal brace, the structural strength meets the
requirements. The stress ratio of the box girder is lower than 1.0, the maximum stress ratio is 0.93 which
occurs in working condition 1, where occurs in the central part of the column, the stress ratio is relatively
high, and the corresponding nodes should be paid attention to. The buckling eigenvalue of condition 4 is the
smallest, which is 2.24, greater than 1, and the overall instability will not occur.

The maximum displacement in X direction is 31.00 mm, which occurs in working condition 30; the
maximum displacement in Y direction is 31.97 mm, which occurs in condition 33; the maximum
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displacement in Z direction is 47.56 mm, which occurs in working condition 36. The local fulcrum reaction
force of the support system is close to 152 t, and the contact surface between the bracket and the support
should be increased to meet the requirements. Lateral support X direction maximum support force is 21.2t,
Y direction maximum support force 18.9 t.

5.7.2 The stage of concrete construction

The stress ratio of the main truss is less than 1.0, the maximum stress ratio is 0.65, which occurs in
condition 17. The stress ratio of the secondary truss is less than 1.0, the maximum stress ratio is 0.42, which
occurs in condition 13. The stress ratio of the column is lower than 1.0, the maximum stress ratio is 0.73,
which occurs under condition 13. The stress ratio of the box girder is less than 1.0, the maximum stress ratio
is 0.63, which occurs in working condition 14, the strength meets the requirements. Working condition 14
buckling eigenvalue is minimum, 2.18, greater than 1, the overall instability will not occur.

The maximum x-direction displacement is 24. 08 mm, which occurs in condition 40. The maximum
displacement in Y direction is 25.46 mm, which occurs in condition 39. The maximum displacement in Z
direction is 42.43 mm, which occurs in condition 44. The local fulcrum reaction force of the support system
is close to 143 t. The maximum lateral support in X direction is 24.5 t, Y direction maximum support is 22.2
t.

5.7.3 The condition of single-piston rod sinking 100mm

The stress ratio of the main truss is less than 1.0, the maximum stress ratio is 0.76, which occurs in
working condition 24, the strength meets the requirements. The stress ratio of the secondary truss is less than
1.0, the maximum stress ratio is 0.64, which occurs in working condition 24, the strength meets the
requirements. The maximum stress ratio of the column is 1.03, which occurs in the second section of the
column from top to bottom in working condition 24, and the structure is unsafe. The maximum stress ratio
of the box girder is 1.57, which occurs in working condition 24, and the structure is unsafe. The buckling
eigenvalue of condition 24 is the smallest, which is 1.80, greater than 1, and the overall instability will not
occur.

The maximum displacement in Z direction is 303.0 mm, which occurs in condition 24. The local
support reaction force of the support system is close to 200t, the maximum support force in the X direction
of the lateral support is 31.7 t, and the maximum support force in the Y direction is 52.5 t. Therefore this
phenomenon should be avoided.

XI. CONCLUSION

1. For the calculation of 'the stage of jacking to the highest position' and 'the stage of concrete
construction’ of the formwork system, the stress ratio is less than 1.0, and the eigenvalues obtained by
eigenvalue buckling analysis are greater than 1.0. The structure is safe. For the calculation of the
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'single-piston rod sinking 100 mm' of the formwork system, the stress of the column and the supporting box
girder of the column exceeds 1.0 under certain working conditions, the structure has potential safety hazards
in this state.

Therefore, the safety of the jacking process of the formwork system is the key to the safety of the
formwork system. In construction, the jacking accuracy should be guaranteed, and the monitoring in the
jacking process of the formwork should be strengthened to ensure that the columns can be synchronously
lifted to avoid the uncoordinated problem of the piston rod jacking. It is necessary to establish an effective
management response mechanism to take measures in time for unexpected situations during lifting ( such as
cylinder oil leakage or column collision with core tube). The lifting process should be carried out strictly
following the provisions at the moment of small wind level. During the lifting process, various live loads on
the steel platform should be avoided.

2. Through multi-condition stress analysis, the reliability of connection joints such as column and box
girder, jack and box girder, column and the lateral resisting device should be concerned. Under the relevant
working conditions, the internal force of the jack of the lifting formwork system is large. It should be
ensured that the jack of this part has sufficient bearing capacity.

3. The lateral resistant device in the middle of the column is installed, which is connected with the core
tube of the main structure, and provides a certain lateral stiffness for the structure. To reflect the function of
the anti-lateral device, the translational degrees of freedom of the corresponding nodes of the column along
the horizontal direction are fully constrained. However, in practical work, when the core tube as the support
of the lateral device is constructed to a certain height, it will have a large horizontal displacement itself. At
the same time, the formwork system itself will also have horizontal displacement under horizontal load, and
there will be a complex interaction between the core tube and the formwork. Therefore, the constraints
imposed on the anti-side device cannot truly reflect this interaction. More careful research should be carried
out on the collaborative work between the core tube and the mold base system.

4. The pre-arching steel platform to offset the displacement caused by gravity. Installation of steel
platform should be considered In the installation process of steel platform. It is recommended to pay proper
attention to the comfort of workers. From the bearing reaction calculation results, the maximum reaction
force of a single corbel is nearly 1500kN. Therefore, special checking calculations should be carried out for
the local pressure of concrete at the corbel in the structural design.
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