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Wenxin Zhai, Masters of Engineering, is involved in a
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Abstract

According to the characteristics of the Shanghai Tower, this paper will study construction risks

in the construction process by means of WBS and RBS methods and then conclude with a list

of risks and risk factors in the construction process. The study shows that there are 56 major
sources of construction risks including super-deep underground projects, supertall structures,
etc. Based on these major risk sources, risk control technologies, early warning signs, and
emergency responses in high-rise constructions are studied further. General practice shows that
risk control and management can help obtain the expected results more safely.

Keywords: Supertall Building, Construction Risks, Risk Management
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With social and economic developments
increasing, land resources are decreasing,
especially in large cities where more tall
buildings are being constructed. Since
high-rise steel structural projects are usually
located in a city’s busiest areas, challenges
such as complex geological environments,
poor construction conditions, long
construction periods, project complexities,
and high-altitude operations will inevitably
result in greater quantities of risk in complex
categories or even an accident during the
construction period which will cause great
economic losses and social implications.

For instance, the Shanghai World Financial
Center was under construction in 2007 and
had suffered from fire incidents which caused
a deviation in the frame columns of the
high-rise steel structure which resulted in the
suspension of the project. Therefore, the risk
analysis and assessment for high-rise steel
structures in the construction phase plays a
significant role in the whole project.

Project Overview

The Shanghai Center tower's total site area is
approximately 30,368m? with a total building
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area of about 574,058m?, in which, the total building area above
ground is about 410,139m? There are five stories underground and 124
stories above ground including a seven-story podium. The main body
of the tower is 580m in height with a total building height of 632m.
The west podium wing is separated from the main tower building by
a seismic joint, while the east podium wing and the tower are built
with the structure as a whole. The main structure of the podium is
about 38m high. The tower is vertically divided into nine functional
zones: Zone 1 includes the lobby, retail spaces, conference rooms,
and dining facilities. Zones 2 to 6 are office-based. Zone 7 and Zone

8 accommodate hotels and boutique office areas. Zone 9 acts as an
observatory. The space above Zone 9 is the roof crown From Zone 1
to Zone 8, the top floors of each zone are mechanical refuge floors.
The exterior wall is built with a double-layer curtain wall system, with
a vertical atrium formed between the inner and outer curtain walls.
The entire project construction is designed and constructed with a
green sustainable development aiming to achieve a three-star rating
from the China Green Building Association, as well as LEED Gold
Certification.

Risk Identification

Risk identification uses a tree of fault analysis strategy. First, the main
construction characteristics are summarized as follows:

« Filling pile,
« Extra-large- and extremely deep foundations,

« Extra-large and super-thick base plate concrete construction
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Risk Event

REEH

Significant Risk Factors

EERKREF

De%ree of vertical deviation pile
REZEE W%

1. Construction site is not flat, not solid; stent endurance is not enough, the occurrence of
differential settlement, resulting in the drill pipe not being vertical.

2. Severe wear of drilling rig components, the connector is loose, drill pipe bending,
deformation, resulting in the drill pipe joints not being able to be straight, drill shaking
deviates from the axis and reaming will be enlarged.

3.In case of groundwater obstructions or the soft and hard soil junction the drill may
meet uneven resistance, causing the drill bit to come off course.

L MIFHT TR, FEE; XRRRATE, RETHATE, &
HEFTEE.

2. HNHEERTE, BARFERTE, XH, BREFELAT
JRE, #kEHRERE, TR,

%gﬁiﬁ?&ﬁﬁ%ﬁﬁﬁié%%k%&%mﬁKﬁﬁ.ﬁﬁ%&

Broken Pile
g3

1.The concrete slump being too small, too much aggregate and poor concrete workability
resulting in catheter blockage; after clean up of the pipe the concrete pouring could easily
lead to a broken pile.

2.When the catheter moves up, it comes out of the concrete pouring surface to enhance
continue pouring concrete,the middle of the formation of folder mud layer.

3. Leaking of the pipe joints will lead to mud penetratation into the catheter mixed with
the concrete.

4. Concrete supply is interrupted. If not continuous pouring the catheter may be blocked.

L BRRAEREAN, BRAK, RUGERLERSEHE; EHEE
Fom 2wk

2. RERANSERS CRRTEREESARN, FEPRERE.
3. REBIABR, EREXBASEEART,
4. RERTY, FRESELN, ERFELHE.

1.The bottom of the casing and the surrounding clay fill is not compacted, the depth of
the casing is not enough and the casing is in a permeable sandy layer.

2. Water level in the hole is not high enough and water pressure can not balance.

b3

;ﬁﬂ&@ﬂﬁiiAiﬁi.?ﬁﬁ&*%&?ﬁﬁ&&@%

. AAEEERE, KLEAT A THE.

O
&t

6. Mechanical fault.

3.When tidal drilling or drilling through strong permeable layer, water supplement is not %_éf%ﬁmﬁ%ﬁﬁ%&ﬁﬁﬁ%ﬁ, ARG T RAA A

strong enough to cause the changes of water levelin the hole.

4. If found that there is high f water in the hole, it will lead to the foundry at th 4 LEXRARALA EALEABRALSA,

. If found that there is high pressure of water in the hole, it will lead to the foundry at the e _

H#}P-l?IeJ collapse bottom of the hole and the hole wall collapse. 5. RAEAMERFYUERHK BRI ER AR,

5. Influenced by vibration near the drilling hole and with a mud weight ratio that is too 6. RAREHRH, JEEAY R,

small, may result in a sub-standard viscosity. 7. RERAKHETREILE, RIREHROALERE,

6. Hole forming too fast the hole walls cannot form a layer of mud wrap. 8. RIEARREEMR, EHKETA,

7.When dipping the steel reinforcement cage it accidently touches the jack wall and

destroys the formation of the hole wall mud wrap.

8. Timely pour of the concrete, but when the hole is finished, pause for too long.

1. Concrete aggregate graduation unreasonable. I BELEREIETELE.

2.Too long time for pouring concrete (mechanical fault and other reasons). 2. BELERIRETK REKRERR .
Plugging pipe 3. Catheter is not well sealed, part of it leaks. 3. REHFHTR, BERA.
# 4. Catheter depth is too long. 4 REEREK.

5.Too long to use the prepared concrete. 5. MFLEHWELK.

6. MRKEEHE.

Table 1. List of significant risk factors: ultra-deep caisson pile.

K1 EENGEHERFE: BREILEER
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4. Overloaded on the role of the guide wall(trenching machines, cranes, steel cage)

g\i‘ség’%‘t Significant Risk Factors FERAREE
1. Lack of guide wall strength or stiffness 1. SHBERRETRE;
g:ifsgﬁifn orcollapse ofthe | 5 0 guide wall of the foundations collapsed or eroded 2, SHHLE R A FHR BB B s
2HEHBIBG 3.The inside of the guide wall are not set support 3. PHANARELRE;
4, RRESEEWHAR (BN, REN. SIFE) A,

6.There is a very weak powder soil or loose sands layer

7. Due to the loads of the upper part of the adjacent buildings or bulldozers, the side
wall of tank is pressed by the lateral earth pressure

8. Cranes, etc are too close to the trenching location, ground load is too heavy.

1.The slurry surface reduces in the tank during the trench process beyond the scope 1, RESETPHARER TR, BXTLL%E:
of safety 2. BEREF AW
2. Mud of inferior quality 3. BETHRERE, ATALAR EARRREAET LAY HE;
?4 Due to rainfall, under ground water level rises sharply resulting in the slurry level 4, HTAWFETA, BEABEEET LW RIBA;
increasing beyond the range 5. BN TR,
The collapse of tank wall 4. Under ground water flows too fast for mud to form a mud skin on the surface of the 6. FERKENRLESRDE,
groove wall ~ ;
bl 7. AL RRLE ERRREAT, NEEIAWNLED,
5.There are underground obstacles .
8, BREEITRABMME, HEHRLA.

Trenching equipment stuck in
the slot

BENR+EFN

1.Trenching equipment stays on the tank, sludge deposition occurs in the mud around
the trenching equipment, makes trenching equipment hard to remove

2. When the digging machine in the clay or the skin of mud walls are too thick, the
trenching equipment can easily become stuck in the slot on the side of it

3.The devaition of trench direction remains too much (hold bending)

4. A large piece of stone falling into the tank or underground obstacles cause the
trenching equipment to get stuck

AR Z R

‘M&HM%QJ&JEEHW, Ve FFRFNREFRELMNRARE, FE

2. YEHNTERPARAET ERARE, BENANUERRESH

WE KA

3. BT AR RERA QFE);
4. ARBFANM N BT R %R ERH L.

Deformation or damage of the
reinforcement cage

R EXT B

When reinforcement cage is hung into the tank the location of the sling device can
be destroyed, the joints of the reinforcement cage lost and the reinforcement cage
deformed upon lifting

RREENCERERF. MHEELRNABRE

Difficulties of locating the
reinforcement cage

1.The uneven surfaces of the groove wall

2.The sediment remains at the bottom of the trench

1. BEEHWLRE;
2. HRH P

3. AHERRBLT S RAH ER AR T IS,

WYX TRER 3. Reinforcement cage longitudinal bending joints and steel cage positioned
protruding too much
1. Pipe blockage 1. %%,
Inadequate density of walls
jﬁ}};ﬁ;ﬁ}{}ﬁ}g 2. Extubation too fast 2, RERERHR;
3. REENBRIBEIHLER.

3.The depth of conduit buried in concrete does not meet the requirements

1.The reinforcement cages floats up during the process of concreting is often due to ggﬁﬁ%iﬂ&%ﬁi%ﬁﬁﬁ*i&@ﬁ%iﬁ, WRETHEIE

Reinforced cage floating up too much sediment at the bottom
agELs 2. Conduit buried too deep or pouring concrete too fast; 2. REEARERA, RIBERELRERRTYIE:

3. UMMEERAR UL RE FRIAR.

3.When the weight of the reinforcement cage is too light it will float up

—

o VR R BT B
. B ETHALEA mE;
%o

Unit groove segment joints 1.V steel not properly scrubbing the surface

™o

leaking 2. Deviations in the position of the reinforcement cage location

BT B LA

[}

3. Flow around

—

. B FYERRENRE, BRARTRES. FRH;
. RERXPHROERTY;
. BPRABITAE, REXPENEHLA,

1. Envelope all related scope of the strata, survey data are not detailed or inaccurate

I

Pit collapse 2. Inappropriate choice of deep foundation pit support program

[}

588 3. Containment system construction is inappropriate leading to the supporting
structure deformation

. B AREBRARRAIE;

. EPRAEMEHRA, TRIRK. LEREETY;
CEPETRER, BFEATEARERE, BE. BETY;
. ARBIAAKBRAAR;

RRETEREER. RPRATRER.

1. Enclosure surrounded by large previously unknown holes

2. Deformations in the retaining structure are too great to support the branch point
locations, and is not properly connected

Retaining structure instability
3. Poor retaining structure construction quality, the structure which put into the soil is
B AR too shallow, not stiff enough and not strong enough

G A W N e

4. A large range of water leakage

5.The bottom of the pit suffers from the soil piping, quicksand or a large area of uplift

1. Foundation pit design is inappropriate 1, EREPRHTAE;
Surrounding buildings 2. Poor quality of foundation pit, with the earth excavation the soil displacement with 2. EFEPRIRER, MHFLFTE, LEEPLBERKA;
deformation the depth 3. EREFIEARRE, HNHASBIAE L TR
ARELER 3. Poor foundation pit sealing effect, the inner pit water level reduces causes the outer 4, THFFBFEHERY,

water level to fall as well

4. Earth excavation method is incorrectly chosen

—

. B ENEA L ERRETY;

Uplift of the bottom of the pit 1.The retaining structure is not deep enough

YRR 2.The quantity of uplift piles is too few or has a poor construction quality 2. REKERI REIREZ.

Disturbance to the bottom of 1. Construction unit fails to follow the design and specification requirements to 1, BTREAREEHEARERSTERSTEL, JRE L& EFY;
the foundation construct, soil height remains insufficient 2. BAKRERE

E 3t 2. Digging machine rolling back and forth

Too high or too low water level 1. Rainfall is well above normal, pumping capacity below normal level, resulting water 1, BAFEERD, HABARE FRARALEE:

in the foundation level in the pit is high; 2. AR R EEKREE.

A YA BRI 2. Pumping interval is too long or too short.

Table 2. List of significant risk factors: a large ultra-deep foundation pit (the main building follows to be built)

k2. EENRAFFE. BARRLET (EHRIRH)
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KRR AN T EHAT I, R ERE TN REE
EREH#TEMEEFEHELERELEN.

PR E BT

WEMHREZRAERMiE, $AZENETRAARLLE,
TN R (LKD) F AT 0 4k 8 L /5 H B — A 3 ] 4B
M, ZHEMEE T — B T /5 R AR R XS R B 1 & X R A
HF R ERE,

THEEE-FMARRE, ERAREERE A KRR E N
EHE W=w, . w], BKItESRIT:

T W A I B S KA AR AR

Super-high concrete construction,

Large-scale steel structure and construction,

High level of difficulty in mega truss construction and
installation,

Difficulties with refined and precise implementation of the
curtain wall cantilever steel support,

Difficulties in controlling convex facade curtain wall rotations
and precise production, installation, and manufacturing of sub-
grid plates

Difficulties in equipment selection, design, and management of
the facilities used in construction due to the supertall structure, 1.

» Too many interchangeable construction elements and high
security risks due to the supertall structure.

Identified risk events and risk factors for the main construction are
highlighted in Tables 1-6.

P
A — U748 b AR AR
n — AT

A — Pl

Risk Evaluations

A vague comprehensive evaluation method is applied to calculate the
membership grades and weigh the evaluation indicators in order to
make the results more unbiased.

meet the requirements

RIEEEEFHAER

2. Bored Pile Wall and steel pipe backfill graded sand and gravel, and fixed steel pipe
column.

Risk Event Significant Risk Factors g
st g ERRE %
Vertical steel columns do not 1. Decentralization of steel pipe column verticality control L WEETHEELEEN;

2. HAPRESREI N EALEDE, BIEAEE.

Floor walls and column pile
sedimentation differences
control

S ARV R R

1. Pile grinding resistance

2.The bottom of the pit uplift

3. Individual column pile and diaphragm wall deposition is too much
4. Column pile bearing capacity

5. Working conditions are unreasonable

M A

FRBR;

. AR SCAEAR O TR A
. IEEWERR);

. IRRHTAE.

G o WD =

Floor walls leaking

M2 B K

1. V steel not properly scrubbing the surface
2. Deviations in the position of the reinforcement cage location

3. Flow around

L VE4ARK R BT 2 B
2. WBETHEERRE;
3. %%

The lateral deformation of floor
wall is too great

HEFMN R EH LA

1. Support is not promptly created
2. Earthwork excavation does not meet the requirements

3. Working conditions are unreasonable

L XEKREHR;
2. 2FFEFAAREAEAER;
3. IRRHFEE,

Surrounding buildings
deformation

BARRYEHEH

1. Foundation pit design is inappropriate

2. Poor quality of foundation pit, with the earth excavation the soil displacement with
the depth

3. Poor foundation pit sealing effect, the inner pit water level reduces causes the outer
water level to fall as well

4. Earth excavation method is incorrectly chosen
5. Earth excavation is not the construction of information technology

6. Support for the cushion layer is not formed in a timely manner.

L EREFRITEE;

2. EREPRIRES, BELFFE, TERBLBERA;
3. EREPEARRE, RARASIISIAMLEZ THE;

4 EHFFEFREERY;

5. LFFEAREAGEEAHAL;

6. X¥. LERRHHR.

Deformation in the main
building

EREH

1. Earth excavation method is incorrectly chosen
2. Hierarchical segmentation inappropriate
3. Earth excavation is not the construction of information technology

4. Support for the cushion layer is not formed in a timely manner.

L A AR EBERY;

2. RERBFEHE;

3. EHFERERAEEAET;
4. XE. BLERRHBR.

Floor wall and main structure
nodes

HENE EhEHF K

Embedded reinforcment deviates position

BEMG R R

Steel pipe columns and slab
nodes

NERGERT K

1. Pre-welded shear hoop positioning accuracy does not meet the requirements

2. Column pile settlement, elevation changes occur

L BRERNAERAEEFFLER
2. TEBERE, FEXELS

Wall and floor connection node

WERREEY K

1. Node junction integrity is not enough

2.The node’s water resistance does not meet the requirements

L ¥ RESARERETY;
2. FRGARTHEER

Table 3. List of significant risk factors: podium pit inverse built

K3, BEERNGERFEY: EREREE
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Risk Event
A B4

Significant Risk Factors

EXRRE*

Truss layer connect
misplaced

HiRBE G

fon deviation is too great, welding deformation is too great)

much; welding deformation is too great)

1.The production accuracy of components deviates too much (Assembly accuracy

2. Component misalignment too great (component assembly positioning deviates too

L HARERELA (EREERETA. BEXPLA)
2. MEZREEIA WEEERARETA; BEXHRA)

Lamellar tearing of

Steel Plate 1. Steel plate does not meet the requirements

L. \RARFRFEER

ARERFR 2. Unreasonable welded joints 2. BEELTLE
Slab delayed crack Unreasonable welding process BEILTAR
ERERRK

Table 4. List of important risk factors: the main structure

R4 EERNBERFL: ThREHK
B}‘j‘s}égiﬂ'—m Significant Risk Factors EEAREE

dimensions is too g

RERTRELA

Deviation in the mounting

reat

1. Deviation in the size of the curtain wall supporting structure is too great

2. Component installation measurement and control is inappropriate

L #HXHNERTRELA
2. MAEFENEEH A

Table 5. List of risk factors: supporting steel for the curtain wall

&5, EENGE

FEE RIGHWEN

Risk Event
A B4

Significant Risk Factors

EXRRE*

installed

FHRHEER L

The curtain plate cannot be

dimensional adjustment function

4. Curtain wall supporting steel structure deformation is too great

1. The precision of the curtain wall plate products does not meet the requirements

2. The design of curtain wall connection node is unreasonable. Does not have three-

3. The measurement positioning of the curtain wall connection is inaccurate

5. Does not meet the requirements of the curtain wall plate installation accuracy

L FERANERETFLER

2. BHEEY AR ALE, TAE=ZLWH A
3. MHEBN B

4, BEXRAENER LA

5. RIERRERMETHEER

Table 6. List ist of risk factors: curtain wall structure

*6. EERNREEFE: FEEH

Scale Meaning & X

. Demonstrates that of the two factors compared, they have the same importance ETAAEEAL, RAEHAEES

3 Demonstrates that of the two factors compared, the former is slightly more important | ZRAEAEHEME, WELEEMEE
than the latter

5 Demonstrates that of the two factors compared, the former is significantly more RTRHAEFAEL, WHALEEXHEEE
important than the latter

; Demonstrates that of the two factors compared, the former is very much more ETRBAEEREL, HHREHRAEE
important than the latter

o Demonstrates that of the two factors compared, the former is extremely more ETFHAEEHEL, WHLEEBREE
important than the latter

2468 Demonstrates intermediate values in the above FR ER AR H T8y b

Reciprocal If factor y, and factor y, the importance ratio is a,, then the importance ratio is a,. EEE y, GEKy WEENL LYo, RAEKy FEKy, EE#RZ A a,

A% between y,and y,

Table 7. List of important risk factors: the main structure

k7. EERARE

RE®: ZhREH

RI 0

58 0.9 112 1.24 132 141 145

149

1.52 1.54 1.56 1.58 159

Table 8. The avera
&8.

ge consistency index value RI

P — 44T RI

Value Description

il #HR

1 Canbeignored T ML&¥

2 Worth considering (7% %
3 Serious E

4 Extremely serious =&
5 Catastrophic KA

Table 9. Risk estimates of the consequences C

9. R jE

ROy s 5 77 7%

627




Ratio Value ‘F;;ecﬂl:reer::cﬁ"f Explain

HE e RARE LA

Rare 1 <0.0003 The risk is extremely rare
L) R B I —K
Occasionally R 0.0003~0.003 Risk does not generally occur
BB AT AL HH

Possible 3 0.003~0.03 The risk may occur

R AT g2 A

Expected 4 0.03~0.3 The risk may occur more than once
B A& TIE—KWRE
Frequent 5 >0.3 The risk will frequently occur
b.& 320 RE&RERE

Table 10. Risk estimates of the consequences C

#10. K& ® 5 RO 6 5 77 ik

Determination of the Evaluation Directory Significance

The weight of the importance is determined by an analytic hierarchy
process which compares factors in the same level with a judgment
matrix by simulating the numbers according to nine different scales
(See Table 7). After a consistency check, the largest eigenvalue vector
of the matrix corresponds to each factor of the weight vector.

After the consistency check, the largest eigenvalue vector is
W=[w, .. w]which corresponds to the weight vector of a risk event

while the specific calculation steps are as follows:

1. Calculating the judgment matrix’s largest characteristic rootA__:

In the formula:

A, is the judgment matrix’s largest characteristic root;
n —The number of rows of the judgement matrix;

A - Judgement matrix;

W — the Judgement matrix’s eigenvector;

(AW), - Judgment matrix A and the eigenvectors of the matrix W
multiplied together is the i-th element of vector AW.

2.The formula for the consistency check is: CR = CI/RI

Informula CI=(A__ —n)/(n-1) is the average random consistency
index, when CR<0.10 . If the judgment matrix does not satisfy the
consistency then it should be adjusted. The value of the average
consistency index is outlined in Table 8.

Determining Risk Subordination Levels

The calculation of risk events for the level of subordination uses the
expert evaluation method to determine the estimated values for the
sequence C first, and then the occurrence of the probability P of each
risk event. Afterwards, the value of P multiplied by C will be applied
to obtain the risk event for the risk subordination level from the
subordination function.

To determine the consequence C of the risk event. The expert
evaluation method is used to determine the consequence of risk
events. This evaluation method is outlined in Table 9.

To determine the occurrence probability P of the risk. Risk event
occurrence probability is divided into five grades. This is shown in Table
10.

To determine the subordination function. The risk level is divided

"

into five grades; there are “first class risks”, “second class risks’, “third class

Risk Level
ARk

Membership Function

HREHK

1st class risk

It

2nd class risk

2Z AR

3rd class risk

SRR

4th class risk

AZ PR

5th class risk
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Table 11. Membership Function
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o,

risks” “fourth class risks,”and “fifth class risks” The membership function
rij(x) is shown in Table 11 and Figure 1.

Determination of Risk Event Subordination Level Values. By
substituting the value of P*C into the subordination function, the
subordination vector can be obtained in the five levels corresponding
to the risk event.

Risk Acceptance Criteria

« 5thclass risk: a very high level of risk. The consequences of such
an accident are catastrophic and would have adverse impact on
the society and politics. The acceptance criteria are: completely
unacceptable, should be immediately ruled out.

o 4th class risk: A higher level of risk. The consequences of such
an accident are very serious and may cause damage and
casualties in a wider range of the project. The acceptance
criteria are: unacceptable, should take effective control
measures immediately.

« 3rd class risk: A normal level of risk. The consequences of such
an accident are minor and may result in destruction in a smaller
range of the project. The acceptance criteria are: do not wish to
happen. The risk of loss and risk control costs can be balanced
when appropriate control measures are taken.

» 2nd class risk: A lower level of risk. The consequences of
such accidents can be ignored under certain conditions and
does not cause major damages to the project, personnel,
equipment, etc. The acceptance criteria are: allowable under
certain conditions, but it must be monitored to avoid the risk
increasing.

« 1stclass risk: the lowest level of risk. The consequences of such
accidents can be ignored and only causes extremely minor
damages to the project itself, personnel, equipment, etc.. The
acceptance criteria are: allowable, but should try to maintain
the current level and status of risk.

Determining the Risk Level
The maximum eigenvector w, is multiplied by the subordination level
RresultsinR' =w, * R, (3-2).

According to the principle of maximum subordination level, the
sequence quantity where the largest factor of vector, R, is located
is also the level of the risk. Based on the principle of maximum
subordination, the level of risk is a second class risk.

The Risk of Pre-Control Methods

According to the risk assessment criteria for the risk levels of different
risk events, appropriate risk control measures should be established.
Due to the constraints in the length of this paper, it cannot list all the
risk pre-control measures one by one.

Summary

The risk assessment of high-rise steel structural engineering can be
first classified in accordance with construction goals and then an
identification analysis will be processed on every category of the
potential risk events using a tree of fault analysis method. The risks will
be evaluated by an ambiguous comprehensive evaluation method.

Based on risk assessment and pre-established control measures,
together with the risk survey in the actual project, we can reduce the
risk possibility or minimize the risk of loss. Since the Shanghai Tower

Figure 1. Shanghai Tower
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has begun construction, it has reached about 60 floors in height,

with the external steel structure reaching a height of more than 40m.
During the whole process, due to the participation of construction
parties continuing to enhance risk awareness and taking appropriate
control measures, the project has not been a great risk event yet while
some potential risks are avoided by timely risk pre-control measures.
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