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Influence of Weather on Work Efficiency in Construction of Tall Structures™

by Katsutoshi OHDO**

Abstract: Height of bridge pylons and buildings has been increased significantly in recent years.
Tall buildings with the height of more than 500 m and long bridges with the span exceeding 2.5
km are now entered upon planning phases. In planning of such tall buildings and long bridges, their
structural resistance after completion against the wind and earthquake loads has been extensively
discussed, but constructability of such buildings and bridges is not considered in detail yet. In
construction of such tall structures, the weather conditions such as wind, rainfall and temperature
have more strong influence on work environment and efficiency than that on conventional structures.
For constructing extremely tall structures in future, there is a strong need to identify the problems
of the present construction techniques, and to develop technologies for safe and speedy construction
under severe weather.

In this study, for this purpose, major recent construction sites in Japan, 10 tall bridge pylons
and 4 tall buildings, were selected for the investigation. These sites were studied by investigating
job schedules, interviewing supervisors and workers and sending out questionnaires to workers. This
investigation was intended to survey how the weather affected work environment and efficiency, and
to clarify what kind of weather-robust construction methods were needed.

The results of the investigation are summarized as follows.

(1) The weather influence estimation for construction schedules in building plans is more quantified
and detailed than that in bridge plans. ' ,

(2) For the highest bridge pylon and building in Japan with the height of about 300 m, the rates
of non-workable days were as high as 15% respectively. In construction of the bridge pylons, pulling
down work of scaffoldings was influenced mainly by wind, while welding work was more influenced
by rainfall for the tall building.

(3) More than 80% of the workers have experienced difficulty or felt danger by swing and rotation
of the load in crane work under strong wind. Control systems to reduce swing and rotation of the
heavy weight blocks need to be improved.

(4) Based on the questionnaires addressed to the workers, construction work under extremely hot
or cold weather was stopped only with around 10% probability, though the construction work under
extremely strong wind or heavy rainfall was stopped with about 60% probability. The weather
element such as temperature which affects the physical conditions of workers but has no direct
influence on the structure’s quality and risk is not considered as a reason to stop the construction.
Keywords; Weather, Construction, Work environment, Bridge pylon, Tall building, Crane
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Table 1  Construction projects selected in the
- investigation.

REMRE LERE

. Height
Bridge pylons
(m)
(DIn planning Kurushima (SB) 178
Tatara (CSB) 220
Meikohigashi (CSB) 125
(@Under construction | *Akashi (SB) 283
*Tsurumi (CSB) 180
*Hakucho (SB) 131
*Meikochuo (CSB) 190
(®Constructed Kanmon (SB) 134
Higashikobe (CSB) 147
Rainbow Bridge (SB)| 123
L Height
Buildings
(m)
(@ Under construction |*Osaka W.T.C. Bld. 252
Seiroka Garden 200
(®Constructed Landmark Tower 296
Kasumigaseki Bld. 156

*: Selected sites for the questionnaires
SB: Suspension bridge , CSB: Cable-stayed bridge

ODIFIZ OV T LETEEE O XE, @NHR
Bren) bTHEMBLENEELT 1 v 7R BRW
BB OWTIBEILFEE, THEEH, ZBEEEHE,
[EBUAT— 5 R EDTERR, BB LEIrBHEL
F4 IOV TIRTEREDIR I I L 25E2
f7>72, #72, Table 1 IZ* TR L2 5 HEHITOW T,
2B (BT, 8ET, BmET, BET, 71—vi
Rp—F=%) DT 75—V AEEIT -7

22 7V TRUEH - XEBAE

E7Y IR BRENEEGLTO®) TH 5,
1) RigpEEICE 2 2B L 205K ITONWT
2) HETRMERFOFREIC T 5 FRI & B LERZICONWT
3) HHREBENEREICHT EHRICONT
4) 1EZEEMD 6 ARMEEREIZOWT
5) RIEICEA SN WBTORODIMBREIZONWT
6) BrEBLcmIFBREIIO>NT

T2, BHRGORE - XWRIC LY, KEILFFERICS
FARBEICKT AEERIEBORED ) FOFE, K
BERBICE D ERICHIEIC L 5 72/EEDBWIZLEZ
DREDGH, RUBEROEI DML 21T -7,



Kigh e & G RE M LR DRI I RIT§ R

Weather
wind, rainfall, temperature, waves, fog ) .

V

Difficult steering of ships
Difficult steering of cranes

Construction sites
Situation
/ Vibration of structures \
Vibration of lifts

Effect on
Safety and Invisibility
Environment Possibility of electric shock

Effect on
Safety and
Environment

— 57—

Workers
/iPhysical eﬁecﬁ
Unbalancing of body

[

Slow moving
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Slippery floors
Decreased capability of crane brakes

Wetted clothes
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!
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Difficulty in concreting
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|

Psychological effects
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Reduced will to work
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Efficiency
Danger

Stop of construction work

Fig. 1

Effects of weather on construction sites and workers.
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Fig. 2 The process of the judgment on interruption of
construction.
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Table 2 Estimation on the influence of weather in
construction planning phases.
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Factors for .
Bridge pylons Buildings

estimation

local published data by
Weather data | meteorological | National Astronomical

observatories | Observatory

Wind > 10 m/s (10 minutes average)

different from

Rainfall . . > 10 mm per day
‘ site to site
Temperature .
. not considered
Moisture
Holidays 4~6 holidays per 4 weeks
Seasonal change| not explicitly .
. . . considered
in climate considered
Accuracy of )
rather rough detailed

estimation

Main reasons . .
cost estimation work schedule

for estimation
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Fig. 3 Construction production; estimation and actual.
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Fig. 4  Details of non-workable days due to bad weather.
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‘Fig. 5  The rate of production losses; each kind of work.
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(a) Age; for present questionnaires
(b) Age; for all industries®

(c) Continuous service period

FERL W FEATFRIRE NIIS-RR-95 (1996)

(d) How often have you felt difficult to work because of swing and rotation of the crane load due to strong wind?

(e) How often was the work interrupted when you felt difficult to work because of swing and rotation of the crane

load due to strong wind?

(f) How often have you felt difficult to work because of wind-induced vibration of the structures? ; bridge pylons

(g) How often have you felt difficult to work because of wind-induced vibration of the structures? ; buildings

40 50~

5~9 [l10~19 [H20~29

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100%

Frequently Sometimes
Not frequently Not at all

[:] No answer

es  [No

DNo answer

0% 20% 40% 60% 80% 100%

0% 20% 40% 60% 80% 100%

Fig. 6 Results of the questionnaires about age and continuours service period of workers, and influence of weather on

crane work and on vibration of structures.
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h) How often have you felt difficult to work because of losing balance by strong wind?
- How often have you felt difficult to work because of slipping of your hands and feet by heavy rainfall?

How often have you felt difficult to work because of too hot temperature?

k) How often have you felt difficult to work because of too cold temperature?

(
(1) How often was the work interrupted when you felt difficult to work because of losing balance by strong wind?

(m) How often was the work interrupted when you felt difficult to work because of slipping of your hands and feet by

heavy rainfall?

(n) How often was the work interrupted when you felt difficult to work because of too hot temperature?

(o) How often was the work interrupted when you felt difficult to work because of too cold temperature?

E Frequently

Sometimes v
Not frequently [ Notatall [ |No answer

0% 20% 40% 60% 80% 100%

(h)
®
0

(k)
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Fig. 7 Results of the questionnaires about influence of wind, rainfall, and ambient temperature.
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