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Abstract

This article studies the influence of the construction sequence on the response of reinforced
concrete high-rise buildings. Currently, most structural systems are analyzed in only a single
step with the assumption that the system can bear the entire load from the completed whole
building. In reality, a structure is constructed sequentially floor by floor, which leads to
differences between the theoretical analysis and the actual response of structural system,
especially for the structural system of high-rise buildings. After conducting construction
sequence analysis, the effecting results on the internal forces of columns and beams of the
changeable high skycraper are synthesized, compared with using the conventional technique.
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1. Introduction

Engineering structural analysis using computational models that include the entire
load-bearing structural system, as well as separately and independently assigned loads is
based on the superposition principle [1, 2]. This technique is widely used in practice, as
a basis for calculating and designing structural solutions. Here in after referred to as the
conventional technique.

However, these computational models are built on the principle that the structural
system is formed at a single time, regardless of the construction sequence, loading
history [1-6]. This principle determines the constant initial lengths of all structural
members and the fixed initial positions of nodes in the calculation scheme [6]. Load
types such as self-weight, superimposed dead load, live load, etc. are assigned
independently to the overall building model.

Thus, this analysis technique does not take into account the working states of the
structure: changing the calculation scheme during the construction process, changing
connections, adding and removing elements, changing loads, transferring from normal
working state to special working state such as accident, collision, disaster... The
components (columns, walls, floors, etc.) are arranged exactly in the design position
regardless of the accumulated strain of the underlying structural system. In the case of
low-rise buildings, such deformations are not much and can be ignored. However, for
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multi-storey buildings, especially high-rise buildings, with the presence of cores and
rigid walls, transfer floors, transfer beams, etc., ignoring the deformation of the
structure of the lower storey will lead to severe deviations between the actual behavior
of the structural system and the results according to conventional techniques. Therefore,
in order to closely simulate the working state of the building, the structural system
should be analyzed in each construction phase, taking into account the change of the
load. This technique is called construction sequence analysis.

2. Construction sequence analysis

The conventional analysis technique (CA) is a one-step linear analysis, shown in
Fig. 1. The analytical technique that is closer to the reality is the construction sequence
analysis (CSA), which is nonlinear is described, as shown in Fig. 2.

Stage 10 (final)
Fig. 2. Calculation model of 10-storey building according to CSA.

In this technique, each storey of the structural system is analyzed including all the
stories below it. The results of the analysis reflect the behavior of the structure up to the
time of completion of that storey. Today, specialized analysis software has achieved great
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development, performing complex analysis techniques with ease. Sequential construction in
ETABS and SAP2000 allows you to easily define a sequence of stages wherein you can add
or remove portions of the structure, selectively apply load to portions of the structure [3].
The sequence of stages can be followed on how the building will be built. Time-
dependent material behavior such as aging, creep, and shrinkage can also be considered.

The construction sequence analysis case can be automatically defined in ETABS
as shown in Fig. 3.

E Auto Construction Sequence Load Case x

General
Case is Active

Auto Construction Sequence Load Case Name AutoSeq
Geometric Monlinearity Option P-Delta ~
Construction Sequence
Combine this number of Stories in each Construction Sequence Group 1
[ Exclude this Group Until the Last Step
Loads Applied
Load Pattem N Scale Fact
3 em Name cale Factor Add
Dead ~ |1
Design Combinations
[C] Replace Dead Type Load Cases with this Load Case in all Default Design Combinations
oK Cancel

Fig. 3. Auto construction sequence load case.

When defined as an auto construction sequence case, the typical load is usually a
permanent load, and a partial live load. A new auto nonlinear static staged construction
load case will be generated and can not be modified. The number of stages and number
of operations on each stage corresponds to the grouping of stories defined in the auto
sequential construction setting. Accordingly, in each stage, the first operation of the
software is to add structure, then to assign the load to the newly added structure
system (Fig. 4). Other operations such as structure removal, section change, section and
age change can also be performed.

Beside automatic definition, construction sequence analysis can be declared
manually - nonlinear staged construction to adjust operations, object (element) type,
object, time and load of each stage.
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Fig. 4. Operations in each stage.

3. Result and discussion

To clarify the role of the analysis technique in the construction sequence,
determine the difference in internal forces and displacements in column and beam
members between the two analysis techniques in the case of constructions of the
structure with 10, 20, 30, 40 floors. Thereby, evaluate the influence of the number of
floors on that difference. The material used is concrete B25. The parameters of the
calculated model are presented in Tab. 1. The spatial and structural plan are described as
shown in Fig. 5.

The construction sequence is set that, in each stage, one story is constructed and
the development of concrete strength is not considered.

Tab. 1. Parameters of calculated model

Model M-1 M-2 M-3 M-4
Number of stories 10 20 30 40
Plan dimension (m) 15%x21.6 15 % 21.6 15 % 21.6 15%x21.6
Beam section for span 6 m (mm) 220 x 600 220 x 600 220 x 600 220 x 600
Beam section for span 3.6 m; 3 m (mm) 220 x 400 220 x 400 220 x 400 220 x 400
Floor depth (mm) 150 150 150 150
Exterior column section (mm) 300 x 400 400 x 500 500 x 600 500 x 700
Interior column section (mm) 300 x 500 400 x 600 500 x 700 500 x 800
Superimposed dead load (kN/m?) 1.5 15 15 15
Live load (KN/m?) 25 25 25 25

23



Section on Special Construction Engineering

~

@

@

S

w

[N

1

6 (m)

B [+
3 (m)

6 (m)

36 (m)

36 (m)

36 (m)

36 (m)

36 (m)

36 (m)

3.1. Effects on the responses of structure model M-1

In Tab. 2, the differences between of vertical displacements between top-joints of
exterior column (located at the intersection of axis 2 and axis A), called column C2-A
and interior column C2-B, analyzed by CA and CSA are demonstrated. They are also
demonstrated in Fig. 6. From the results, it can be stated that, the analysis of the
structure according to the construction sequence has changed the value as well as the
distribution of displacement difference of the vertical members, the most obvious is at
the rooftop (0.71 mm).

Fig. 5. Spatial model and structural plan.

Tab. 2. Difference of vertical displacements between exterior and interior columns

Story CA | CSA '

C2-A C2-B Diff. C2-A C2-B Diff.
10 421 4.93 0.71 0.77 0.92 0.15
9 4.14 4.84 0.70 1.39 1.66 0.28
8 4.00 4.67 0.67 1.85 2.23 0.37
7 3.76 441 0.65 2.16 2.61 0.44
6 3.48 4.06 0.58 2.33 2.81 0.48
5 3.10 3.63 0.52 2.34 2.82 0.49
4 2.65 3.10 0.45 2.19 2.66 0.46
3 2.12 2.48 0.36 1.90 2.30 0.40
2 1.52 1.78 0.26 1.45 1.76 0.31
1 0.83 0.98 0.14 0.84 1.02 0.18
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Fig. 6. Difference of vertical displacements of the exterior column and interior column
using CA and CSA (in mm).

The analysis results including the axial force in bottom column (C2-B) the
bending moment in peremiter beam axis 2 span A-B (2A-B) at the 1% floor are also
summarized in Tab. 3 and shown in Figures 7, 8.

Tab. 3. Internal forces with two different analysis techniques

Structure response CA CSA A%
Axial force at the bottom of column C2-B (kN) 1229.3 1285.8 4.60
Mid span bending moment of beam 2A-B (KkNm) 38.6 43.6 12.95
Mid span displacement of beam 2A-B (mm) 1.83 2.03 10.93

Thereby, it can be observed that:

- When using construction sequence analysis technique, the calculated internal
forces such as axial of column and mid-span bending moment of beam at the bottom
story are larger than those when using conventional technique. The difference of axial
force and bending moment is about 4.60% and 12.95%, respectively.

- The mid-span displacement of beam 2A-B when using CSA is larger than that
when using CA. The difference is about 10.93%.
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Fig. 8. Bending moment on beam 2A-B.
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3.2. Effects of the building height

The results of calculated axial force in the column (C2-B) (AFC2-B), mid span
bending moment of span 2A-B beam (MBB2A-B), end moment of beam 2A-B
(EMB2A-B), mid span displacement of beam 2A-B (MDB2A-B) in the elevation of
axis 2, at first floor of buildings with different height are summarized in Tab. 4. The
diffences (DC2A-B) between vertical displacements of rooftop joints on exterior (C2-A)
and interior columns (C2-B) are also included.

Tab. 4. Force, displacement in 4 different models

M-1 M-2 M-3 M-4

CA | CSA| A% | CA | CSA| A% | CA | CSA| A% | CA | CSA| A%

@Z‘;Z'B 1220| 1286 46| 2446| 2551| 43| 3844| 3974| 34| 5197| 5347| 2.9
('\lfﬁr'f]fA‘B 385 | 435| 130| 331 | 364 | 100 | 307 | 327 | 65| 208 | 31.2| 47
(Ek'nr?ﬁA'B -38.83| -35.21| -9.32 | -37.91| -35.39| -6.65 | -36.38| -34.50| -4.92 | -34.34| -32.73| -4.69
?r"n?nE)‘ZA'B 182 | 202 | 120| 19| 205| 79| 1.93| 202| 47| 219| 222| 14
(annf)A'B 071 | 015 | 7851 1.05| 013 | 87.24] 1.18| 011 | 90.83| 1.33| 0.10| 92.27

Based on the data in Tab. 4, some observations can be drawn that:

- When analyzing by CSA, the axial force of columns, mid span bending moment
of beam of the structure is greater than that when using CA analysis; but the end
moment of beam is decreased.

- As the height of the building increases, the difference between the internal force
characteristics, the displacement of the member between the two analysis techniques
decreases. In the contrast, the diffence between vertical displacements of rooftop joints at
exterior and interior columns is increased. It can be explained by the phenomenon of
column shortening. In actual construction, the self-weight of the structure has been added
step by step over time. The sequential construction of the floors has partially eliminated
the cumulative displacement difference due to the column-compensated concrete pouring,
and the uniform elevation adjustment at each floor. Therefore, the effect of shortening is
not as great as in the calculation using CA technique.

4. Conclusion

The analytical results show the influence of the construction sequence analysis
technique on the responses of the structural system, which is appoximately 10% than
those using conventional technique. For high-rise buildings, the analysis of the
construction sequence should be taken into account when conducting the design.
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PHAN TiCH KET CAU NHA CAO TANG BE TONG COT THEP
CO KE PEN TRINH TU XAY DUNG

Pham Thanh Binh!
'Pai hoc Ky thudt Lé Quy Dén, Ha Ngi, Viét Nam

Tém tdt: Bai bao nghién cizu anh huong cua trinh tu xay ding cong trinh dén phan i#ng
cua két cdu nha cao tang bé tong cot thép. Hién nay, phan lén hé két cau cong trinh dwroc phan
tich mgt budc - phan tich truyen thong, véi gia thiét hé chiu toan b tdi trong, khi toan bg cong
trinh duroc xay dung xong. Thuc té xay dung tuan tu tang theo tang dan téi sai khac gizza phan
tich Iy thuyét va phdan ng thuec té cia hé két cdu, nhat la déi véi hé két cdu nha cao tang. Cac
két qua anh huong dén néi luc cot, dam cua hé két cau nha cao tang vdi cac chiéu cao khéc
nhau duroc tong hop khi thuc hién phan tich theo trinh tw xay dung, va so sanh danh gia khi siz
dung phuwong phép phan tich truyén thang.

Tir khéa: Nha cao tang; trinh ty xay dung; phan tich phi tuyén; ETABS.
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