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FPOREWORD

This investigation was performed for the Facilities Development Branch,
U.S. Army Engineer Division, Huntsville, AL, under Intra-Army Order (140),
E87830111. The Technical Monitor was James Winters, HNDED-FD.

R. L. Brauer, G. J. Brown, S. T. Brooks, and T. Mahon work in the Facil-
ities Systems Division (FS), U.S. Army Construction Engineering Research Lab-
oratory (USA-CERL). Dr. Edward Koehn is an Associate Professor at Purdue

University.

E. A, Lotz is Chief of FS. COL Paul J. Theuer is Commander and Director
of USA-CERL, and Dr. L. R. Shaffer is Technical Director.
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AFCS CLIMATIC ZONF LABOR
ADJUSTMENT FACTORS

] INTRODUCTION

Background

The Army Facilities Components System (AFCS)1 is a computerized military
engineering construction support system designed in response to the need for

o an improved construction planning method in the theater of operations (TO).

; One factor which must be considered in TO construction planning is worker pro-

L- ductivity in different climates. To allow for these differences, the U.S.

_ Army Construction Engineering Research Laboratory (USA-CERL) in 1971 adapted a
set of multipliers for use with the AFCS. The multipliers had been used for

. several years in construction labor estimates, probably originating from
3 records on Army overseas experience.* The "AFCS Climatic Zone Labor Adjust-
| ment Factors” were based on an earlier mathematical model,” in which the old

’ factors were scaled using a value of 1.00 for normal (temperate) conditions
ﬁ and assuming normal worker output. Worker efficiency factors in the model had
been derived from a set of equations that measure average skin temperature as
a function of air temperature, wind speed, relative humidity, solar radiationm,
type of task being dgne, and clothing worn. These results were correlated
with some field data’ on productivity to establish an expression of labor ef-
ficiency. The factors resulting from this scale-up were to be used with the
correspozding four climatic zones for which the Army identifies standard con-
ditions.

Based on its mission to supply accurate engineer estimates in support of
operation orders, the 416th Engineer Command asked the U.S. Army Engineer Div-
ision, Huntsville, AL, to validate the factors based on current knowledge of
climatic zones and improved analytical techniques. Huntsville tasked USA~CERL
with this project. Revised factors should reflect any changes since 1971 in
materials, construction methods, and equipment that could affect laborer pro-
ductivity. Recent information on seasonal climatic factors was to be in-
cluded, and a matrix was to be developed to account for use of local national
(indigenous) labor rather than U.S. engineer troops. This information would
help base development planners, engineer commands or units, and Corps of Engi-
neers estimators in developing accurate construction labor estimates.

lrechnical Manual (TM) 5-304, Army Facilities Components System: User's Guide
(U.S. Department of the Army, October 1979).

*However, the exact origin is unknown.

E. J. Kuipers, A Method of Forecasting the Efficiency of Construction Labor
in Any Climatological Conditions, Ph.D. Dissertation, University of Illinois
(Ann Arbor, MI: University Microfilms International, 1976). B
Inavrac P-385, Base Development Planning for Contingency Operations (U.S. S \'w
Department of the Navy, Naval Civil Engineering Laboratory, July 1973). ' '

AAtmy Regulation (AR) 70-38, Research, Development, Test, and Evaluation of o
Material for Extreme Climatic Conditions (U.S. Department of the Army, August ‘f!f*‘f
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Objectives

The objectives of this study were to (1) validate and/or revise the AFCS
Climatic Zone Labor Adjustment Factors using field data and new mathematical
techniques and (2) develop a matrix that includes local nationals and troops
in using these factors to estimate labor requirements.

Aggroach

State-of~the~art methods for adjusting labor factors based on climate
were investigated, and field data were collected on worker productivity for
various outdoor climates. This information was used in a regression analysis
to develop new factors that could be compared with the existing ones.

Data were then collected on worker productivity for different local na-
tionals under various climatic conditions, and these results were used to de-
velop factors that would compare indigenous to troop labor. All information
was compiled into matrices of extended labor adjustment factors.

Scope

This study considers only the 46 countries of primary interest to the
Facilities Development Branch, U.S. Army Engineer Division, Huntsville, AL.
These countries are the focus of Huntsville's Foreign Equivalent _Construction
Stock Items and Local Building Component Study, Phases I and 11.7

Mode of Technology Transfer

It is recommended that the results from this study be incorporated into
Army Technical Manual (TM) 5-304, AFCS User's Guide.

sLouis Berger International, Inc., AFCS Foreign Local Building Components and
Construction Materials, Addendum "A," Central and South America, Draft Report
(U.S. Army Engineer Division, Huntsville, March 1984).




2 ANALYSIS OF EXISTINC FACTORS

Methods for Standardizing Atmospheric Conditions

The four AFCS Climatic Zones were established based on air gemperature,
wind velocity, relative humidity, and solar radiation. AR 70-38" gives the
range of environmen;al factors associated with each climatic category and Fig-
ure 2-1 of TM 5~304‘ shows the geographic extent of each.

In Kuipers' model, the atmospheric data used in the equations came from
international records exchange between zone countries and the U.S. Department
of Commerce Environmental Sciences Services Administration., The factors were
calibrated using a complex association of temperature, wind speed, and rela-
tive humidity. Measurement methods now exist that express atmospheric condi-
tions as one value. These methods can be used to standardize different forms
of reported climatological data for use 'in statistical analysis. (For hot
climates, the technique measures heat stress; a different scale is used to
measure cold stress for extremely cold regions.

Heat Stress Measurement

Four basic factors determine the degree of heat stress exerted by the en-
vironment: air temperature, humidity, air movement, and heat radiation
(and/or direct conduction) from objects. Several heat stress indices have
been developed to predict whether exposures to hot environments will result in
excessive heat strain. The two used most are the Heat Stress Index (HSI) and
the Wet~Bulb Globe Temperature (WBGT) index. Instrumentation and calculations
required for a WBGT assessment are simpler than those for the HSI (Figure 1l).

The WBGT index was developed as a simple method for determining if mili-
tary troops are likely to suffer from heat illness in hot environments.” Only
two or three measurements are needed: wet~bulb (static) temperature (WB),
dry-bulb temperature (DB), and globe temperature (GT). To convert other forms
of atmospheric data into WBGT values, one of two equations can be used, de-
pending on the presence of a solar load:

WBGT = 0.7WB + 0.2GT + 0.1DB (with solar load) - (Eq 1}
WBGT = 0.7WB + 0.3GT (without solar load). (Eq 2]

An average WGBT value can thus be computed if a person is exposed to a se-
quence of differing thermal environments.

Cold Stress Measurement

Two basic factors determine the degree of cold stress exerted by the en-
vironment: air temperature and wind velocity. High humidity at colder

6AR 70-38, Research, Development, Test, and Evaluation of Material for
Extreme Climatic Conditions.

71H 5-304, Army Facilities Components System: User's Guide.

8TB MED 507, Prevention, Treatment, and Control of Heat Injury (Headquarters,

Departments of the Army, Navy and Air Force, July 1980).
9
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Figure 1. WBGT index field apparatus.
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temperatures lowers productivity; however, these effects can be reduced
greatly when laborers wear suitable clothing and are protected from the wind.

One of tse few cold stress indices is the Windchill Index (WI) used by
the military.” The WI was devised to assess the relative discomfort of cold
in relation to the air temperature and wind speed. The basic concept recog-
nizes that convection is the most important single avenue of heat loss in a
cold environment. Table 1l gives windchill effects expressed in equivalent
chill temperatures, i.e., those which cause the same rate of cooling at dif-
ferent wind velocities., This table was used to standardize the climatological
data used in the regression analysis.

Data Collection

A literature search revealed that most studies on work environment have
been done by physiologists or by firms investigating design procedures for
heating and ventilating systems. In addition, work on identifying comfort
zones has been largely for indoor environments. Six soyrces were located that
contain raw data on productivity in different climates; 0 these data were used
in the analysis. (Not all sources reported data for all 46 countries, and in-
formation was unavailable for five of those countries.)

USA-CERL also consulted Corps of Engineers officials, the Bureau of Labor
Statistics (Foreign Labor Statistics Branch), the U.S. Department of Housing
and Urban Development, and the National Constructors Association. However,
very little additional data on this subject were available.

Analysis
Temperature and Hwnidity Versus Productivity

Matrices were developed for each of the 46 countries studied (see appen-
dix). These matrices were based on average monthly temperature and relative
humidity versus productivity predictions from the six sources. A mean was
calculated for each month and this column was averaged for an annualized mean.
The last column in the matrix, '"Multiple," was calculated by taking the in-
verse of the mean, or productivity factor. Thus, an average annual multiplier
can be figured for each country. Table 2 lists the average annual data from

9HIL—HDBK-759, Human Factors Engineering Design for Army Material (U.S. De-
partment of Defense, March 1975).
J. A. Havers, and R. M. Morgan, Optimal Construction Plans for Cold-Weather
Conditions (U.S. Army Cold Regions Research and Engineering Laboratory
(CRREL], June 1969); Extra for Winter Allowance (Chicago Bridge and Iron,
April 23, 1968); C. T. Grimm and N. K. Wagner, "Weather Effects on Mason
Productivity,”" Journal of the Construction Division, American Society for
Civil Engineers (ASCE), (September 1974); E. Koehn and D. Meilhede, '"Cold
Weather Construction Costs and Accidents,” Journal of the Construction Divi-

sion, ASCE (December 1981); All-Weather Home Building Manual (National As-
sociation of Home Buildings [NAHB| Research Foundation, November 1975); The
Effect of Temperature on Productivity (National Electrical Contractors As-
socation, Inc. [NECA], 1974).

11
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Climatic Labor Productivity Factors

NULTIPLE
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MULTIPLE

- e S e PN g B e s pe B pn B e T pa GBS e b e

o NORTNERN GROVP
; MEAN
Z0NE 31-UNITED KINCDOM 0.9
England 0.9
; lceland 6.93
; Scetland 0.9
L Z0NE 2-NORTHERM EUROPE .
. Luzenbenrg e.92
Nethoslands 0.9
Belgium 0.9
Germany 0.9
Sweden 0.9
Nerway 8.8¢
Denmart "
ZONE 3-SOUTHERN EVROPE .92
Spain §.92
Portugal 8.7
Feance 0.93
Italy 6.9¢
Switserland 0.93
Awstris 0.2
Turkey 8.9
Creoce .00
IONE 4-MI1DDLE RAST .04
Serpt 8.04
Samél Arabis e.81
Onsn 6. 08
Kuwait ¢.03
fecael 8.88
Lebanen .09
Pakistan s.02
I0NE 3-TAR BSAST .9
Ketes 8.0
Japan 8.9
Tatwan ..
SOVTHERN GROVP
NEAN
20NE 1 0.0
Cesta fRica— 0.8
11 Salvader 0.89
Cuatenals .90
Ronduszas 8.8
Nexice 0.08
z0ME 2 0.8
Colombia .0
Rewadet [ ] ]
Panams 0.7
Venesuela 0. 00
IONE 3 8.9
Szasi! .07
Belieia .98
Chile 8.7
Pasagsay 0.9
Pore 0.9
Uruguay 0.9
ZONE ¢ .00
Deminican Repud 0.8
Haiti [ 21
Jamaiea 0.0
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the appendix according to theater of operations zone for northern and southern
groups.

As an example of how these multipliers might be used, consider a project
that, in a temperate zone (1.00) and with normal worker efficiency, takes an
estimated 1000 manhours to complete. If the same project were to be done in a
southern group zone 1l country, the 1000 manhours would be multiplied by 1.12
(Table 2) for a new estimate of 1120 manhours.

Regression Curve

Figure 2 was developed from a regression analysis of data in the appen-
dix. The values for average temperature and relative humidity were adjusted
using the methods described above, with WBGT used for high temperatures and WI
used for low ones. To define frigid, temperate, desert, and tropical zones,
values of -25°F, 60°F, 90°F, and 100°F, respectively, were assigned. Thus, WI
was used to adjust to frigid; WBGT was used for the other three values. The
regression curve in Figure 2 is the best fit using the Statistical Package for
Social Sciences (SPSS) computer program.

o Ll L v L ] v | J LJ ] L] L} L] L § L) 1 ]

-40 -20 o 20 40 80 80 100 120
WIND CHILL / WBGT

Figure 2. Regression analysis of temperature versus productivity.
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The new Climatic Zone Labor Adjustment Factors were derived by locating
the temperature coordinates corresponding to each zone and reading the produc- SIS
tivity value. The multiplier was obtained by taking the inverse of this SRR

value. Table 3 compares the results 6f this analysis with the existing fac- e
_ tors.. . @
:j Table 3
i AFCS Climatic Zone Labor Adjustment Factors
;1 Multipliers
S Zone Existing Revised
Temperate (60°F) 1.00 1.00
Tropical (100°F) 1.45 1.45
Desert (90°F) 1.15 1.25
Frigid (-25°F) 2,57 2.41

Discussion

The factors developed in this study are very similar to those used pre-
viously in the AFCS, with desert and frigid zones differing by .10 and .16,
respectively. The lack of raw data limits this study's statistical validity.
However, these new factors represent the best method now available for adjust-
ing labor estimates according to climate. As better records are compiled on i
atmospheric conditions and worker efficiency, it will become possible to o
refine construction estimation techniques in TO countries. L

15




3 OTHER AFCS ADJUSTMENT FACTORS

For the second part of this work, Huntsville Division had asked USA-CERL
to compare productivity for U.S. troop construction labor versus local nation-
al labor. During the study, two subtasks were also requested: (1) to form an
annual construction factor matrix for labor and materials and (2) to compare
troop versus contract labor.

Indigenous Labor Adjustment Factors

The purpose of comparing U.S. troop productivity with local nationals'’
was to account for unavoidable worksite conditions that reduce labor efficien-

cy. Examples of conditions that may hinder the local laborer's productivity
are:

e Language barrier
e Unfamiliar equipment and methods
o Limited skill in reading blueprints
® Suboptimal physical condition.
Data Collection and Analysis

A literature search and queries to some firms involved with overseas con-
struction producef several data sources comparing U.S. construction labor with
indigenous labor, 1" Most information came from the companies with construc-
tion experience dutside the continental United States (OCONUS). In addition,
an estimator at the USACE Mediterranean Division-Rear was contacted to deter-
mine how Army productivity factors were derived for construction in the Middle
East (Saudi Arabia, Egypt, and Oman). It was learned these factors are devel-
oped by doing annual surveys; this information is included in the Atmy'i Unit
Price Book, part of the Computer-Aided Cost Estimating System (CACES).1

In this analysis, the fully acclimated, physically fit U.S. military
labor was assigned a value of 1,00, Table 4 shows the data reported from each
source, with means shown in the last column for each country. Again, taking

Uyoridwide Cost Multipliers (Marshal and Swift Publishing Co., November
1982)3 Housing and Building Technology in Developing Countries, MSU Inter-
national Business and Economic Studies (Michigan State University - East
Lansing, 1966); Detall Cost Manual (Cost Systems Engineers, Inc., 1981-82);
Anonymous Firm, Response to request for data (July 1983); Delphcon Builders,
Inc., ltr dated 22 July 1983; Kemper Group, International Cost Indices, ltr
dated 20 July 1983.

12Engineering Pamphlet (EP) 415-345-5, Computer-Aided Cost Estimating System
(CACES) (U.S. Army Corps of Engineers, March 1983).
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the inverse of these productivity means, a multiplier can be calculated (Table S IRRENCY
5). These indigenous labor adjustment factors should be multiplied by the O
corresponding climatic factor (Table 2) when estimating indigenous labor re-
quirements for a particular country.

Annual Construction Pactor

USA~CERL was to develop a matrix of annual construction cost factors that
incigde both labor and materials. This information was to come from AR 415-
17,7 which covers only 15 of the 46 countries in this study.

As an example of work done in this area, USA-CERL consulted a USACE draft
report for adjustment factors in the Continental United States (CONUS),'4
i This study assumes productivity rates are constant throughout the country, and
the total index is based on an assumed 45 percent labor/55 percent materials.

In the international sphere, however, labor productivity is not a con-
stant value as discussed in Chapter 2. Also, the 45/55 lLabor-to-material
ratio may not apply. Therefore, it was concluded that the current factors in
AR 415-17 are still the best for estimating this parameter (Table 6).

s T —S

Troop Versus Contract Labor

s To determine the efficiency of troop versus contract labor, USA-CERL con~
i tacted the U.S. Army Engineer School in Fort Belvoir, VA. This agency has

proponency for FMs and TMs that guide Army construction contracting. The in-
formnigon obtained showed that standard estimating methods such as Dodge and
Means®” are used to estimate troop labor. No multiplier exists to distinguish
between troops and contractors, and was determined to be beyond the scope of
this study.

13ap 415-17, cost Estimating for Military Programming (U.S. Department of the
aArmy, February 1980).
144anscomb Associates Inc., CONUS Location Adjustment Factor Analysis Report .
DACA-87-C-0040, Task 3, Vol 1 (U.S. Army Engineer Division, Huntsville, : R
' 1983). —e
lsL. Dallania, Estimating General Construction Costs (F. W. Dodge Corporation, R
1957). '
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f- Table 5

Labor Productivity by Country, Grouped by Zone

LABOR ADJUSTNENT RATIS

NORTHERN CROUP HEAN WULTIPLE
- ZONE 1-UNITED KINGDOM 0.64¢ 1.%7
l England 0.67 1.50
Igeland 0.43 1.60
. Scotland 0.61 1.63
. ZONE 2-NORTNERN EUROPL 0.0¢ 1.16
- Lunemboury 0.3 1.0%
Netherlands 0.0t 1.24
. Selgiem 0.00 1.36
" Cermany 0. 1.10
I Swaden " 1.13
Netway ¢.03 t1.31
Denmack 0.0 1.18
ZONE 3-SOUTMERN RUROPER .43 1.54
. Spain 0.3¢4 1.7
\ Pertugal 0.4 2.5¢0
) Prance .74 1.3%
re Italy $.73 1.38
i Switserland 0.9 1.08
v Austria 6.63 1.58 °
- Tetkey 0.43 1.9
: ’ Greece 8.73 1.3¢4
: Z0NE A-MIDDLE EAST 0.38 1.1
Loyt .48 1.00
Ssudi Arabia 0.93 1.08
Oman 0.3 1.02
Kuwait .54 1.07
tsrael [N} 1.24
Lebanen 0.81 1.23
Pakistan 0.3? 1.70
Z0NE 3-TAR EAST 0.467 1.49
Keces 0.7¢ 1.2¢
Japan 0.78 1.29
Taiwan .44 3.17
SOUTHERN GROVP NEAN nLTIPLE
I0NE 1 .30 1.9¢
Costa Rics 0.88 1.74
El Salvader .48 1.07
Coatemals 0.47 1.11
Homndutas [ 1] .11
Maxteo .5 1.95
ZONE 2 .9 1.8?
. Colembdia 0.50 1.99 g
' tevader 0.50 .00
Panama 0.3% 1.03 )
Venetsela 0.9 1.7
ZONE 3 0.50 1.9
Scasil 6.4 .31 .
Belivia 0.0 .08 -9
Chile 0.54 1.06 Y
Pacaguay 0.3 1.00
- Pete 0.48 3.08 E
H Uruguay ’.58 1.7¢
I0NE ¢ (X 1) 2.0¢
] Deminican Republie .30 1.00
& Maiti (W} $.18
! Jamalea [ 2% 1] 1.97
o -
T4
- 1
20
e
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Table 6 R
LT
Summary of Labor/Cost Factors S
—e ]
TROOP INDIGENOVS LOCATION ®
NORTHERN CROUP CLINATIC LABOR ADJUSTNENT )
PRODVUCTIVITY  PRODUCTIVITY FACTOR C -
: NULTIPLE NULTIPLE (AR €18-17) et
TONE 1 -UNITED KINGDOM 1.08 1.97 1.48 )
tagland .08 1.56
lceland 1.9 1.460
Scotland 1.09 1.63
ZONE 2-NORTHERN SUROPR 1.10 1.14
Lenemboury 1.09 1.98
Netherlands 1.09 1.34 1.40
Selgima 1.10 1.3 1.90
Gotmany 1.18 1.10 1.90
Sweden 1.11 1.1%
Nerway 1.13 1.2
Denmark 1.18 1.19
ZONE 3-SOUTNRAN RVROPR 1.09 1.34
Spain 1.09 1.7 1.30
Portugal 1.09 3.9
Frasnce 1.09 1.38
ftaly .06 1.38 1.10
Switserland 1.00 1.03
Austria 1.8 1.50
Terkey 1.08 1.3 1.60
Gteece 1.14 1.34 1.490
TONE ¢-MIDDLR EAST 1.18 .1t
eyt 1.1y 3.0 1.%0
Saudi Atadia 1.133 1.88 1.0
Oman 1.1 1.682
Kewait 1.33 1.87
Isvael 1.14 1.24 1.10
Lebanen 1.12 1.23
Pakistan t1.22 31.70
I0NR S-FAR BAST 1.10 1.49
Koras 1.3 1.36 1.08
Japan 1.09 1.3 1.7¢
Tasivan 1.0 31.37 .90
TROO? I ICRNVE LOCATION
SOVTNERK CROVP CLIRATIC LASOR ARJUSTHUNT
PROBVCTIVITY  PRODWCTIVITY TACTOR
MLTIPLE LTINS (AR 413-1Y)
I0NE ¢ 1.13 1.9
Costa Rica 1.12 1.74 -
L1 Salvader 1.12 3.07
Cuatemala 1.11 3.1t
Honduras 1.12 3.11
Memice 1.14 1.9%
0N 2 1.10 1.07
Celembia 1.20 1.9
Eesader 1.11 1.00
Panama 1.2?7 1.02 1.30
Venessals 1.2% 1.71
I0NE 3 1.11 1.9
Srasil 1.13 1.3
Selivia $.18 .08
Chile 1.1¢ 1.604 ;
Pacraguay 1.10 3.00 )
Pere 1.1¢ 3.00 i
Uruguay 1.09 1.74
0ME ¢ 1.14 1.04
Deminican Repud 1.1% 3.00
Maiti 1.10 2.18 -9
Jamsiecs 1.14 1.9 )
E
.4
1
21 1
-9 _‘11
1
. o ]




......

)
3
i‘

l} CONCLUSIONS AND RECOMMENDATIONS

Published field data and computer technology have been used to revise the
four AFCS Climatic Zone Labor Adjustment Factors. The updated version is tem-
perate--1.00, tropical--1.45, desert--1,25, and frigid--2.4l1. In addition,
adjustment factors have been developed for using local national labor versus
troop labor in OCONUS construction projects. Multipliers have been given for
each of the 46 countries of primary interest to USACE Huntsville Division.

It is recommended that these factors be used as multipliers when access-
ing the AFCS database to prepare labor and cost estimates. Although this sys-
tem is not exact, it represents the best available technology for making ad-
justments due to climate and indigenous labor efficiency.

22
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APPENDIX:

MONTHLY PRODUCTIVITY BY COUNTRY BASED A
ON TEMPERATURE AND HUMIDITY L

o
COUNTRY: ENGLAMD L
AVERAGE AV. REL. CHICAGO e
MONTH TENP. NUNIDITY  CRREL BR.SIRON asce asct NAHB NECA NEAN NULTIPLE L
. Jameary 39,30 0000 0.9 'K} 0.5 " 0.9 (N7 1.14 o
{ Pedrmazy  €0.00  72.09 " . 0 1.00 0.9 0.9 .11 S
g Barch  44.00  43.80 K1) 'K (W} 1.00 1.00 'R 1.99
April 4000 3.Me X1} 1.00 043 1.00 1.00 0. 1.8
- My 3.0 51 *n 1.00 0.6 1.00 1.60 " 1.0?
- Juse  60.00 7.8 "K1] 1.09 .73 1.00 1.00 'R 1.06
Jely 4400 S3.m8 0% 1.0 'R 2 1.00 1.00 Nt 1.03
August  43.60  30.00 0% .00 “.n 1.0 1.00 0.3 1.05 -
Septamber  39.08  ¢3.08 0.97 1.00 'R 1.00 1.99 .9 1.86 ®
Octeber  SI.00  70.44 " 1.80 0.40 1.00 1.00 X1 1.07 S
Movember  44.00  7Y.40 'R 1.00 (XY 1.00 0.9 "N 1.9 :
{ Decembor  40.50  01.00 8.9 1.0 861 1.00 '"n "X 1.09 -
TE NEAN  30.38 4.8 "9 0" 0.4 K1) m 1.00 (K1 1.00 .
b , ®
.\ . .
COUNTRY:  IRELAND e
AVERACE AV. REL. cHIcACo —_—
MONTH TEMP. WUNIDITY  CRREL BR.&IRON Asce AsCE NAND NECA MEAN WULTIPLE K
Jamwacy 4100 80.00 09 ’.73 (W) 1.0 0% Nl 112 o
Pebrusry  41.80  86.00 0.9 .9 0.6 1.00 0% 0 1.12 . 0
Mazch 03,30 8299 " 0.9 0.6 1.00 'K e 1.10
Apsil 400 70.M0 " 1.08 040 1.0 K1 0.9 1.08
May 5090 76.09 1.00 1.00 08 1.00 1.08 'R 1.7
June  34.30 1300 " 1.00 .1 1.00 1.40 0" 1.87
Jely  SY.48  78.00 0.9 1.00 "n 1.00 1.00 0.9¢ 1.07
. August  39.80  81.00 0.9 1.00 'K7 100 1.00 0.9 1.97 -
September  33.00  8¢.00 'K 1.00 0.6 1.00 1.0 ') 1.87 -
Deteber  39.00  06.60 1.00 1.0 0.4 1.00 1.00 " 1.08 .9
Nevembar 44.5¢ 4. 00 0.7 1.08 .64 1.00 0.9 0. 1.00
- Decomber  41.50  88.00 e 1.00 061 1.00 'K "0 1.09
E TN aeve s 0.9 0.9 (WY 1.00 'K1) "n 1.09
i i
D *Sources: CRREL = Havers, A., and R. M. Morgan, Optimal Construction Plans
. for Cold-Weather Conditions (U.S. Army Cold Regions Research and Engineering
F Laboratory [CRREL], June 1969); Chicago Br. and Iron = Extra for Winter
Allowance (Chicago Bridge and Iron, April 23, 1968)3; ASCE/l = Grimm, C. T. -
and N. K. Wagner, "Weather Effects on Mason Productivity," Journal of the e

Construction Division, American Society for Civil Engineers (ASCE) (September

1974); ASCE/2 = Koehn, E. and D. Meilhede, "Cold Weather Construction Costs

and Accidents," Journal of the Construction Division, ASCE (December 1981);

NAHB = All-Weather Home Building Manual (National Association of Home

Builders [NAHB|] Research Foundation, November 1975); NECA = The Effect of

Temperature on Productivity (National Electrical Contractors Association, -
Inc. [NECA}, 1974).
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COUNTRY: SCOTLAND

AVERAGE AV. REL CHICAGO
NONTH TENP. HUNIDITY CRREL OR.SIRON ASCE ASCE NAHD NECA HEAN NULTIPLE

Januacy
Fobruary
Macch

- Aptild
¥ May
- Juns
. July
-, August
h Septanber
Octeber

Novenber
Decemberx

COUNTRY: (UXEMBOURC
AVERAGE AV. REL. CHICAGO

MONTH TEMP. NUMIDITY CRREL BR.GIRON ASCE ASCE NECA NEAN MULTIPLE

January 32.%0 84.00 0.97 0.7 0.53% 0.2 0.3 0.6 1.14
Febswary 35.00 76.80 0.97 0.73 ¢.s8 e.n 0.9¢ 0.8? 1.13
March  41.00  62.00 0.9 0. % 06 1.00 1.00 0" 1.10
April  4v.00  37.00 1.00 1.00 0.47 1.90 1.00 0.93 1.07
May  S3.30  40.00 0.8 1.00 0.712 1.00 1.00 X7 1.0
Jeme  61.30  41.00 0.% 1.00 0.2¢ 1.00 1.00 0.9 1.06
July 4430 39.00 0.93 1.00 0.7y 1.00 1.0 0.3 1.03
August 4408 40.00 KD 1.00 000 1.00 1oo  a.9s 1.68
Septamber §7.50 é%.00 e.97 1.00 8.7% 1.80 1.00 0.9¢ 1.86
Octeder  49.30  73.00 1.00 1.00 ) 1.00 .99 0. 1.07
November  41.00  8¢.00 0.8 1.00 0.40 1.00 0.9 0.1 1.10
December  35.50  91.00 0.97 1.00 0.57 o.n 0.94 0.0 1.14
NEAN 4008 7017 0.97 0.9y 0.47 o 0.9 0.92 1.09
COUNTRY: THE NETHERLANDS
AVERAGE AV. REL. CHICAGO
moNTH TENP. HUMIDITY  CRREL WR.GLIRON  ASCE ASCE  NAHB  NECA  MEAN NULTIPLE
Jamwary  37.00  84.00 0.9 0.93 0.5 0.92 0.97 0“0 1.14
Pebrwary  37.50  79.00 0.97 0.3 0.58 0.9 0.7 a8 1.4
Mateh  41.50  71.00 0.8 0.9 0.61 1.00 0.9 "“n 1.10
Mpstl  47.50  ¢6.00 0.9 1.00 0.6 1.00 0.9 " 1.08
May  55.00  43.00 0.9 1.00 " 1.00 1.00 0.9 1.07
Jume  40.00  42.00 0.92 1.00 02 1.00 1.00 0.9 106
July  64.00  45.00 0.% 1.0 0.77 1.00 1.00 0.93 1.06
August  43.50  44.00 0.97 1.00 0.77 1.00 1.00 0.5 1.08
Septembar  40.00  49.00 0.7 1.00 0.74 1.00 1.00 0.94 1.0
Octeber  33.00  75.00 0.9? 1.00 0 48 1.00 1.00 0.9 1.08
Nevember  44.00  03.00 0.9 1.00 0.43 1.00 0.9y "9 1.0
December  30.80  34.00 .97 1.00 .50 (1 0.9 0.0 1.13
NEAN 3000 72.43 0.9 o9 047 0.7 0.9 0.9 1.9
26
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N COUNTRY:  SERNANY
. e emrecd e rrencrc e e r e rcr ettt G e e et et m et te e e e e, oo
r AVERAGE AV. ASL. CHICACO
NONTH . TINP. NUMIOITY CEREL BR.SIRON ASCR Asct nans NECA NEAN WLTIPLE
January 3.0 77.00 0.9 0.0 (N1 0.03
Tebruasy 31.00 0.0 R .0 R 6.7
Narch 3.5 40.00 0.9 .9 0.6¢ 500
April Nn.0 $3.00 .. 1.00 s.1 1.00
Yay $4.08 $6.48 0.0 1.80 .2 1.00
June 60.00 5.00 8.9 1.00 0.7 1.00
July 43.00 $5.00 0.9 1.99 0.7? 1.00
Avgust .00 'R 1.00 .. 1.00
Septeades $6.00 " 1.00 (8} 1.00
Octebor 4%.5 0.9 1.00 0.48 1.00
Nevembar 3.5 (W 1] 1.00 ‘0.98 "“n
Decenber 3L.00 0% (B1] 0.95? 0.9
NEAN 3.9 .47 .. 0.9 e.6¢ 0.9
{ COVNTRY: SVEDEN
AVERACE AV. BEL. CHICACO
NONTH TEMP. NUNMIDITY CRAEL SR.SIRON  ASCE asce MAMD [ 11 NEAN WOLTIPLE
-—- onesenee - - B ———
N Janwary 37.00 87.00 0.98 .00 .9 .0 .. 6.03 1.5 -~ .
: Tabruary 26.30 73.00 0.93 0.00 .93 0.0 8.9t .02 . RS
- Nateh .30 47.08 "% (W1} .57 0.9 (R ]] 0.8 1.18 S
- Apeil 2.30 65.00 .. 1.00 0.89 0.2 (R ]] 0.0 1.13 o
3 May 49.00 34.00 0.9 1.00 0.4? 1.00 5.00 (W H 1.07 I
3 June $7.08 35.600 .7 1.0 (8] 1.00 1.00 0.9 1.06 s
July 63.5¢ $9.00 .. 1.00 0.% 1.00 1.00 .. 1.0 LTk
August $9.30 e.00 s 5.00 0.7 1.00 1.00 6.9 1.06 re————
Septender 32.00 (Bl 1.00 0.48 1.00 1.00 .“”n 1.07 - R
Qcteober 3.3 0.9 1.00 0.43 1.00 0. (W} 1.0¢
Nevembdes 34.50 0.9 1.00 0.97 . 0" .8 1.13
Decesber 19.5¢ 0.% " 0.33 0.0 6. .. 1.20 .
NEAN .9 .73 0.9 0.9? 0.63 0.9 8.9 0.9 1.13 .
- 4»-&—&—.
—e
COWNTRY: NORVAY R
AVERACE AV. AIL. © CRICACO :
NONTN TENP. NUMIDITY CRREL SR.41R0N Asce aAsct NAND {7 REAN WWLTIPLE
Janusry 15.00 0.0 0.9 0.0 0.9 (W1} (R 1] ¢.81 (W] ’
Pebsuasy 24.00 75.00 (W] 0.0 ..93 "0 (B} (RT 1.33 ._.!!_,...
Masch 33.9¢ 43.00 . 0.0 6.8 0.9 097 0.0 1.1 .
Aptil .0 $6.00 0. 0.8 .40 1.00 0.9 0.9 1.1
May 2.9 .00 " 1.00 .40 1.00 1.00 .. % N 1) .
June .08 $4.08 0.9 1.00 8.7 5.0 1.00 0.9 1.04 .
July 64.50 57.00 8.9 1.00 ([ ] .00 1.00 6.0 1.08
August 4.0 61.00 'R 1) 1.00 0.1% 1.00 1.00 0. % 1.04
September $3.5¢ 45.00 (R 1.00 0.4 1.0 1.00 (W1} ‘1.0?
Oetober 0.0 72.00 0.9 1.00 0.63 1.0 (W1} 0.9 1.0
Nevember 33.00 .00 0" (W 1) (R} (R} 0.% 0.0 (1)
Decenber 27.90 05.00 0. (W]} 0.%¢ 0.03 . e.82 1.2
NEAN 3.1 .17 """ 0.9 0.63 (N7 0.9 (1} 112
27




Asgust

AVERAGE AV. REL.
TENP. NUNIDITY

L N N . X
(-
g

soeo~®oo~noooe

- e Pe e o B S e e g

.14
18
.13

Januwary
Tebeuary
Nasech
Aptil
May

June

Januasy
Tebruary
Naseh
April
May

June
July

Nevember
Decenbder

TENP.

PORTUCAL

AVERACE
TINP .

AV. REL.
NUNIDITY

(1}

.67

AV. REL.

ITY

CHICAGO
CRREL BR.SINON ASCE
.. .7 0.3
0. % [ %] 0.5
0.9 8.% .30
[ ] ] 1.00 .63
0.9 1.80 0.6
[ I8 ] ] 1.00 0.7%
0.97 1.00 0.73
0.9 1.00 0.2¢
0.7 1.00 0.69
0.7 1.00 0.44
0.7 1.00 0.3
0. 1.00 .37
0. e 6.463
CHICAGO
CRREL BR.LIRON ASCE
0.9 0.47
1.00 9468
0.9 0.48
0.7 e
0.% 0.00
0.9 .9
0.2 0.
0.9 [ 8 2]
0.9¢ s.Nn
0.9% 0.7y
0.9 [ B ]
1.00 0.4Y
0.9 0.80
CRICAGO
CRREL BR.SIRON ASCE
0.7 [ ] ]
0.9 (]}
0.9 *»n
0.9? 0.7
0.9 [N 1]
. % e.04
8. 0.9
0.93 [ R ]
0.93 "rn
0.% [N }
0.7 [ P ] ]
0.9 .71
0.9 0.7




COUNMTRY: FRANCE

N - L L L L LTy T pupry

AVERAGE AV. ASL. CHICAGO :
noNT™: TENP. NUMIDITY  CRREL BR.SIRON asct ascs NAND NECA MZAR WULTIPLE "
Janmary  37.00 T 00 0.9 0.9 0.5 .. 0.9? 0.0 1.1¢ Py
Tebruary Mee .0 .. .9 0.9 " 0" 0.0 1.14 R
Nateh 44.00  39.00 .. 0.% 0.4 1.0 1.00 "“n 1.09
Aprid 30.50 50.00 i. 1.00 W) 1.0 1.08 'R7] 1.67
May  S7.00  S3.08 .. 1.08 s.1 1.08 1.0 0.9 1.08
Jume  43.30  S3.08 .. 1.00 0.2 1.0 1.00 0.9 1.06
July  ¢0.3¢  35.00 .. 1.00 0.1 1.00 1.00 0.9 1.0%
August 63.00  34.00 .. 1.00 0.7 1.06 1.08 6.9 1.08
Septamber s9.50  Se.08 * 1.00 (W1 1.90 1.00 0. % 1.08
Octobar $1.50 4.0 . 1.00 (1) 1.0 1.00 ‘KT 1.87 )
{ Nevembor .50 7600 .. 1.00 8 1.0 0.9 0.0 1.0 )
8 Dacembar 30.00  00.0¢ .. 1.08 .30 °.n 0.9 (W1 1.12 sy
NEAN  51.60 42.0) 0.9 W) " 0. (K} 1.08 _J_;
.. @
3 COVNTAY: ITALY
AVERAGE AV. REL. cHICACO : R
MONTN TENP. NUNIDITY  CRREL BA.LIRON Asce ascs nauS NRCA NEAN WWLTIPLE
Jansary  46.38  60.00 0.9 0.9 0.4 1.00 0.9 (K] 1.10 ; ‘
Padruary 47.30 46.00 0.9 0.9 0.43 1.00 1.00 0.9 1.09 .9
Mazeh  S2.00  34.00 K1) 0.9% W) 1.0 1.00 0.9 1.08 Lo
Aptil 15.086  34.90 0" 1.00 e.n 1.60 1.00 0.9 1.06
May 6450 S¢.00 0% 1.00 (R 1) 1.0 1.0 .9 1.0%
Jeme  71.00  40.08 0.9 1.00 “n 1.0 0.9 0.9 1.98
Jely  t6.60 4100 0.9 1.00 'K 1.0 .. 0.9 1.07
Aungust .0 Q.0 e.0 1.00 6.8 1.0 0.9 0.% 1.8
Septemdes .00 3008 0.9 5.00 0 1.0 K1) ..% 1.08
Octeder .00 3700 ..% 1.0 *n 1.0 1.0 0. 1.08
November 34.30  66.00 0" 1.00 (W) 1.00 1.00 *n 1.07
Decenber “.50  r0.08 0.9 1.00 0.4? 1.00 0.9 K1 1.88
WEAN  60.54 $4.17 0.% 0.9 0.7¢ 1.0 1.0 6.9 1.47
COVNTRY: SVITIZALAND
) AVERAGE AV. RSL. CRICAGO :
MONTX TENP. NUMIDITY  CRREL BR.3IROM asce asce MAND NECA NEAN WULTIPLE o
' Jammary  M.00 7800 0.9 0.9 0.95? 0.0 0.% .0 .18 y
Tebruary  36.50  71.00 0.9 " 6.58 0.0 0.9 0.00 1.14 o
MaceR 6300  41.00 0.9 .. % a2 1.90 1.0 .”n 1.10 R
Apeil 9.5 350 1.00 1.00 (W) 1.00 1.00 " 1.0 T
May 4000 37.00 0" 1.00 'R 1.68 1.8 0.8 .08 T
Jume  67.30  $53.0¢ "N 1.00 .0 1.0 1.00 0.% 1.08
July  42.58 35.00 0. % 1.00 R 1.0 1.90 0.9 1.43
Asgust  44.90 37.00 0.9 1.00 e 1.0 1.00 0.9 1.08 - -
Septender 0.3 .0 0.1 1.00 0% t.00 1.0 0.8 1.06 : -
Octeder  $1.00  47.00 N1 5.0 040 1.0 1.00 " 1.07 —_
Nevember @ %0 °n 1.0 0.6 1.0 0.9 *n 1.0
Beconbes 39.50 1.8 0.9 1.00 0.9 0.9 0.9 ‘W 1) 1.13
MEAN  S1.44 40.92 0.9 0.9 0.6 .. 0.9 *“n 1.08 :
—a
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AVERAGE AV. REL. cuiCaco
MONTH TENP. NUMIDITY CRRAEL BR.&IRON ASCE ASCE NANS NECA MEAN WULTIPLE
30.00 74.00 0.9% 8.7 .54 8.7 .9 0.8 1.7¢
Tebsuary 33.08 ¢8.00 8.9? .9 0.58 8.7 .98 .00 1.72
Naceh 40.930 37.00 0.7 0.9% 9.61 1.08 1.600 . 1.464
Aprid 4.0 31.00 1.00 1.00 .72 1.00 1.00 e.2¢ 1.3
38.00 $3.00 0.7 1.00 .73 1.60 1.600 8.93 1.33
63.30 34.00 0.9? 1.00 0.7 1.00 1.00 0.93 1.28
67.00 S4.00 0.9% 1.00 0.0 1.00 1.00 0.93 1.33
63.38 35.00 0.9 1.08 .01 1.00 1.00 0.9 123
39.00 $2.00 .97 1.08 0.73% 1.00 1.00 0.7 1.3
4.3 47.00 1.00 1.00 0.468 1.00 0.9 0.9 1.47
MNeovenber 4"n.00 75. 00 0.9 1.00 e.61 1.00 .9 0.92 1.64
Deconber 33.30 .00 .97 1.60 .56 e 0.9 0.00 1.7
MEAN [N 1] 61.30 0.9 0.9 0.49 6.7 0.9 .72 1.49
COUNTRY: TURKEY
AVERAGE AV. REL. CRICACO
MONTH TENP. HUMIDITY CRREL BR.LIRON ASCE ASCE NAND NECA NEAN NULTIPLE
January 40.3%8 74.00 e 7 0.451 1.00 0.9 0.9 1.12
Pebruacy 2.0 71.00 0.8 0.6 1.00 8.9 .90 1.12
Macch 44.50 45.00 0.9 9.63 1.00 b9 [ ] 1.10
Aprild 33.00 63.00 .98 e.70 1.00 1.00 8.7 1.09
May 60.30 63.00 0. 0.7 1.00 1.00 8.9 1.0?
June 68.30 $7.80 [ 8 1] 8.00 1.00 1.00 .94 1.06
July 13.00 $3.00 0.74 s.9 1.80 0.7 8.9 1.00
August 73.3%0 $3.00 0.9%¢ 0.7 1.00 1.00 0.9 1.04
Septenber 48.00 57.00 0.% 9.08 1.00 1.00 0.9 1.0%
Octodes 60.35¢ 44.00 .97 .74 1.00 1.00 .9 1.08
Nevember §3.30 71.00 0.9 0.47 1.00 1.00 0.9 1.10
December 4 .00 74.00 .9 .42 1.00 8.7 0.9 1.11
NEAN 37.13 64.08 e.97 .74 1.08 1.00 9.9 1.08
COUNTRY: CREECE
P, ceceemismemmacecessacacscccmmaneeen= cccaqecescacmccsceencmstanammasaocnaaae cecmsccenncen .—u
AVERAGE AV. REL. cHicaco
MONTH TENP. NUNIDITY CRREL BR.EIRON ASCE ASCE NAND NECA NEAN NULTIPLE
Januwary 4.0 42.00 8.9 8.40 1.00 .09 1.1
Tebzuary (AN ] ] 41.00 1.00 .48 1.80 0.0 1.12
Nageh $3.00 54.60 0.98 e.7 1.08 0.9 1.1
April $9.50 47.00 e.98 .73 1.00 0.9 1.11
May 48.950 4.0 0.9 8.7 1.00 0.7 1.00
June 76.00 “.0 6.8 0.7 0.9 .08 1.14
July 81.00 32.00 800 .7 0.7 0.9 [N }] 1.13
Augest 81.00 33.00 8. 80 .72 0.7 0.9 .02 1.32
e tembes 74.3%0 30,00 0.02 .78 0. 0.04 1.6
Octeber 47.00 $3.00 0.9 0. 00 1.00 0.2 1.09
Nevember 0.0 60.00 0.78 0.7 1.00 e 1.10
Decenbder 1.9 43.00 e .60 1.00 0.0 1.12
NEAN 63.93 4.0 [ 1) 0.7¢ 0.7 1.00 s. 00 1.13
30
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COVNTRY: SAVD! ARABIA ]
AVERAGE AV. ABL. CHICAGO ' 1
NONTN TENP. NUMIDITY  CAREL BR.SJRON ascs ascs NAKD 17 NEAN WULTIPLS :
e N L L T T P PP Y P PR T L R 4
Jaswazy  385.00 4400 'R} " :. " 5.3 —d
Pebrwary 68.90 27.08 'R 1] "n 0.7 :. N1 1.18 o
Naceh  67.00  3i.00 0% '] 'R 1.00 0.0 1.1¢
J April  76.5¢ 3400 0.0 0.3 "R 'R1 0.0 1.19 :
. My  s6.00 3100 (R 1] 00 0. 0% " 1.38 .
- Junse  92.00  31.00 ..3 .6 .7 0.0 .7 3.4 -
- Jely  93.50 1900 0.5 .93 'Rz "n Wt 1.44 -
Augest  P1.00  19.90 050 "9 0.7 0.9 0.6 1.44
‘ Saptembar  87.00  14.00 0.7 0.4 .7 0.0 XN 1.9
: Octeber  77.50  33.00 0.0 0“e .7 "R 1) 0.0 1.12
Nevambar 49.50 330 0. '’ 0“7 .00 'N 1.8
. December  57.30  52.00 "1} "7 1.00 %1 1.1
- MEAN  74.38  33.e8 0.7 8.6 'Rl 0. (W ¥ 1.38
COVNTRY: EWAIY
AVERAGE AV. REL. CcHICAGO TToTmERmTETT
NONTH TEMP. NUNIDITY  CARSL BR.41ROM AsCE ascs Nans NECA MEAN WULTIPLE
; January $5.00 43.00 0.9 $.73 1.00 8.9 1.11
February  38.80 1.0 'K “n 1.00 0.0 1.1
: Maceh  635.50  41.40 0% " 0.8 1.00 .0 1.44
{ April 75350 33.00 6.0 'N1) 0. 'R1} .. 1.1¢
S May  83.%0  35.00 . 0.7 0.3 0% 0.0 1.3
Jese  00.00 4v.00 s.% 0.4 9.73 0.9 . 1.9y
Jely  04.50  41.00 R T 0.43 0.1 e 'R 1.0
Asgust  95.90  4s.00 %1 0.4 0.7 0.0 0.6 1.44
September  99.50  51.40 5.5 "W 0.3 0.9 “n 1.40
October  83.80  ¢0.00 0.3 .0 " 'Rl 6.0 1.30
Mevember  £9.50  39.00 0% 'R 0.3 1.00 00 1.1
Decenber  59.00  ¢5.00 s 0.7 1.00 en 1.10
NEAN  74.47  33.3) 'Rr 0.2 0.3 0.% "0 1.2¢
COWNTRY: ISRASL
' AVERACE AV. REL. CHICACO
MONTH TENP. NUMIDITY  CRAEL BR.SINON asce asce MANS NECA NEAN MULTIPLE
Janwasy  $7.06  34.40 0.0 "N 1.00 s 1.1
Pebruary  $0.50  34.00 " 0.7 1.08 .n 1.10
Maceh  63.00  54.00 'R T 0.7 1.00 0.9 1.10
Apeid 67.50 37.00 0.9 0.0 .. 1.00 .0 1.13
Mag  76.00  S0.00 'R e 'R I " 'R 1.1
Juse  70.00  é6.00 0.7 0.9 0.7 0. "W 1 1.1%
Jely  81.50  48.00 .. % " n 0.8 . 0.0 1.19
Mugust  83.00  49.00 0.73 0.0 'R I} 0.9 0.8 1.23
September  81.00  44.00 0.2 ') 8.7 0% " 1.19
October 74.30 6600 0.0 "8.93 0. "“n K1 1.18 ’ o
Mevember  49.00  $36.00 'x! 007 .18 1.08 'R 1.12 -8
December  48.30  56.00 'R1 ..% 1.00 “n 1.10
MEAM  70.75  ¢0.92 'R 0.0 ».73 "9 0.0 1.1
i
LA.!__._«1
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COUNTRY. LEBANON

AVERAGE AV. ALL. cHICACO
MONTN TENP. NUMIDITY CRREL DR.SIRON aAsce Asct NAKD NECA NEAN WULTIPLE
Janwary $46.9350 76.00 0.% (W 1] 1.00 0.9 1.11
Tebruary $7.00 70.08 [ 8] ] .72 1.00 0.7 1.11
Maceh .00 .0 (R 1 0.73 0.9 0.9 1.11
April 43.00 67.00 0.% .00 0.9 0.9 1.09
May 71.00 0. 00 0.89 “.”" 0.73 0.9 0.08 1.13
June 724.00 é1.00 0.04 8.9 0.7 0.9 0.0 1.12
July 08.00 58.00 (R T} 0.9 .73 (KT} 0.3 1.10
August 8.5 57.00 0.7 5.9 0.73 0.9 0.04¢ 1.10
September 79.%50 $7.00 0.7? 0. 0.75 0.9 0.8¢ 1.17
Octebar 75.00 62.00 0.08 0.9 .73 0.9 0.8¢ 1.12
Nevember 47.00 61.00 e.% 0.83 1.00 .94 1.07
Decesder 40.00 .00 0.92 0.73 1.00 0.9 1.10
‘ MEAN 49.04 63.73 0.89 0.08 0.73 0.9 0.0 1.13
1
g COUNTRY: PAKISTAN
AVERAGE AV. RLL. CHICAGO
; MONTH TENP. WUNIDITY CRREL 3R.S$IRON asce AsCE NAND NECA MEAN MULTIPLE
January 41.00 43.00 (N1 .7 1.00 "N 1.10
februacy 61.50 73.00 0.9% .. 0. [ X ] 1.00
Mazeh 76.00 AN ] 0.8 .70 0.7 % 8.04 1.20
Apeil .50 .00 (Rl (Y1) 073 0. 0.7 1.2
86.00 80.00 "7 0.43 .78 .0 8.78 1.3
87.3%0 0% .00 0.63 0.0 8.173 0.0 " 1.9?
0% .00 (Y1) .72 0.43 0.7% (W] .13 1.3
.50 14.08 8.27 8.44 0.73 0.9 .77 1.90
83.%0 89.00 " .40 8.7 "N .78 1.38
0.3 8. 00 .7 (&} .73 8.92 e.00 1.3
75.30 68 00 0.7 (R} 0.73 (W]} 6.0 1.14
68.50 6.0 8.9% 0.87 .73 1.00 0.7 1.12
77.38 79.73 0.0 (Bl 0.73 0. 0.2 1.2)
COUNTRY: XOREA
AVERAGE AV. RZL. cuICACO
MONTH TENP. HUMIDITY CAREL BR.$IRON AsCE ASCE NAMD NECA MEAN WULTIPLE
Janwary 23.%¢0 .0 (W} 0.0 .9 "8 ] (AT 1.1
Pebruary 18.3%0 15,00 0.% *n 0.93 0.03 (] .0 1.1
Maseh 20.00 0.0 8.9 0.0 .97 0.9 (] (1) 1.13
April $1.99 . . 6.3 0.60 1.00 [ .93 1.08
Ney 61.%0 9.0 0. % 1.00 0% 1.00 1. 0.9 1.0
June 70.3%0 71.00 0.9 1.00 0.0 1.00 .73 0.9 (1} 1.00
July 17.00 76.00 0.8¢ 1.00 0.0 1.00 0.7% . % 0.0 1.13
August .0 71.00 0.7? 1.00 "0 1.00 ¢.78 0.7 0.0 1.12
Septenber 60.350 0. 00 0.% 1.00 .0 1.00 0.7% 1.00 0.9 1.0
$6.00 34.00 (R ]] 1.00 0.7 1.00 1 .. 1.
4.5 $3.00 (R ]] (N1} 0.40 1.0 1 .. 1.
Decenbot 20.30 ”.0 0.% 0.0 0.933 (N1} (] 9.
NEAN $3.00 $7.39 0.% 0.9 (W] 0.8 8.7% ‘.
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COWNTRY: JAPAN

cccsea evmcosvscaw L L T R L T T

AVERAGE AV. REL. CuICAGO
MONTN TENP. MUMIDITY  CRREL BR.SIROM ASCB ascs NANS NECA NEAN WULTIPLE
Jasuary  30.50 4. 00 'R 0.9 'R 1) 0.0 .9 (W1} 1.1
Pobruary  39.38 .. s 0.5 . 0.0 0.0 1.13
Naceh  43.00 0.9 0% e.40 1.0 1.0 “.n 1.09
April  43.80 0.7 1.00 (%1} 1.0 1.08 0.9 1.08
May  é1.90 'Y 1.00 "Rl 1.00 1.8 0.3 .08
Jeme  49.30 0.9 1.00 6.0 1.00 0.8 0.9 6.9 1.49
Jaly 73.%0 8.0 1.00 e.09 1.00 .73 0.9 0.2 1.00
Asgust  79.00 'R1 1.00 0.9 1.00 6.5 0.7 0.9 1.1
Saptenbder 11.50 0.9 1.00 'K1) 1.00 0.78 0.9 0.0 1.09
October  43.00 'Rl 1.0 0.1 1.60 1.0 0.8 1.08
Novemder  §1.80 'K 1.00 0.4 1.00 1.00 0.%¢ 1.07
Decenbar .50 0.% t.00 0.48 1.00 1.00 0.92 1.09
NEAN  S6.38  59.%56 0.5 0. K7 0" 0.73 0" .9 5.0
- COUNTRY: COSTA RICA
4 AVERAGS AV. REL. CHICAGO
% MONTH TENP. MUNIDITY  CRREL OA.SIRON AsSCE asce NANE NECA MEAN WULTIPLE
Janvary  46.30 63.00 .. % s. 8 1.00 0.9 1.0
. Tebruary 67.00 37.00 0.% 0.0 1.0 0.9 1.00
& Mazeh  49.00  35.0¢ 0.9 "N 1, 0.73 5.0 0.0 1.11
€ april 70.50  ¢0.00 0.9 0" 0.8 0" 0.7 1.2
. May  71.00  70.0¢ 0. 2.0 0.73 0" 0.0? 1.18
. Jeme  69.30  74.08 0. .7 0.7 "R 'W1) 1.18
July é9.5¢  14.08 0.9 0.2 0.73 'Rl 0.0 1.18
Awgust  49.30  73.00 0.9 'R 0.3 'K]) .0 1.13
Septender 70.00  76.00 0.8 0.7 0.8 'R 'R 1.16
Octaber .30 7808 0% 0.7 0.3 'R1} 0.0 1.14
Nevembet 66.50 1.0 e. % .0 0.3 K1) .0 110
Deconmbdor (Y9 1) 67.00 0.9 0.7% .9 6.9 1.11
NEAN  40.03  40.1? .. 6.0 0.3
COVNTRY: IL BALVADOR
AVERACE AV. REL. CNICACO
MONTH TENP. WUNIDITY  CRREL BR.SIRON asce asce NANS NECA NEAN WULTIPLE
Jsmsary  75.00 "0 ' 0.0 K1) .”n 1.11
Pobrusry  74.00 0.08 ..o 0.9 .0 1.14
Nageh  70.00 o.00 0.08 0. 0.8 1.14
April 79.00 'R 1) 0.9 'K 'W1) 1.12 -
May  79.00 .1 'R 0.7 "“n (W 1 1.7 ] :
Jume  746.%0 003 0.0 0.3 " "W 1.14 .
July  17.80 0.8¢ .. 0.7 " °“e 1.12
Avgust 7.9 0.0 .. 0.1 0. 0.0 1.1) 4
September  76.50 0.08 " 0.1 "“n “an 1.14 . —
Octobosr  76.09 (] 0.9 0.2 "R AT 1.14 -8
Nevember 71.00 [ ] 0.00 .73 0.9 0.00 1.13
Decenber  75.00 0.0 'R 1 K1) W 1) 1.0 J
Memctcscmccccesescccccsencrccnscenamcen e e ErtacsmAns e e R e e RS C e e s S en e e e sereanacanasnoe DS
MEAN  74.30  34.00 0.8 'K 0.7 'R .0 1.1 T 1
1
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COUNTRY: GUATEMALA
AVERAGE AV. REL. CMICAGO
MONTH TEMP. NUMIDITY CRREL BR.SIRON ASCE ASCE NAND NECA MEAN MULTIPLE
I Januwary 43.00 0.7
- Tebruary 43.30 .82
- Nareh 47.00 0.0
N Apsid 1000 0.03
. May 73.00 .. 8 .78
-, June 71.00 .83 e.73
8 July é9.80 e.0 .28
. August 69.350 .02 .73
l Septenber 69.50 0.82 8.73
Octeber 6. 00 7 8.73
Nevember 63.350 0.76
Decamber 43.50 8.7
; NEAN 7.9 63.33 0.93 .02 0.7%
COUNTRY: MNEXICO
AVERAGE AV. REL. CNICAGO
MONTH TENP. KUNIDITY CRREZL BR.&IRON ASCE ASCE NANS NECA NEAN NULTIPLE
i Januasy 34.00 4. 00 0.9 .43 0.7 1.00 0.84 1.3?
February 64.00 8. 00 0.% 0.47 0.7y 1.00 8.0¢ 1.1?
Maceh 43.00 16.00 " 0.64 0.7 1.00 [ ¥ }) 1.18
April 60.00 39.00 0.% .48 8.7 1.00 .04 1.17
May 64.00 19.00 0.% 0.6 0.7y 1.00 0.8¢ 1.17
June 63.30 q440.00 0.9% .78 1.00 .. 1.0
July 63.00 33.00 8.7 0.7 1.00 (I8 21 1.09
. August 63.%50 350.00 0.9 0.7 1.00 0.91 1.10
i Septembest 63.58 34.00 .97 8.7 1.68 "9 1.0
60 00 7.0 0.9? 0.7 1.00 0.9 1.11
37.00 4. .00 (8]} .69 1.00 0. 00 1.12
$4.50 3.0 [ 38 1] 0.44 1.00 e. 60 1.1
KEAN 61.30 3.8 .97 07 8.7 1.00 e.00 1.1
COUNTRY: CoionBiA

AVERACGE AV. RIL. CHICACO

. NONTH TENP. NUNIDITY
.' Janwary §7.359
- Tebruary 38.3%¢0
Naceh $8.%0
Aptil 9. 40
May $9.90 '
June $8.00 .
July $7.00
. Augest $7.90
L Septemder  37.30 ° A
Octeober 6. 00 -
Nevember $5.00
Decenbder $7.58
NEAN $7.% ]
£ 1
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. COVNTRY: ECVADOR
i AVERAGE AV. REL. CHICAGO
| ONTH TENP. WUMIDITY  CARSL BR.L120M asce asce ANE NECA MEAN NULTIPLE
Janwary i9.00 8.9 8.7 1.00 8.9 1.10
Tebewazy  39.00 ".n "Wt 1.00 0.0 1.13
Mateh  39.00 8.9 8.6 1.00 0. 1.13
April  $8.50 .. .7 1.00 'K 1.10
May  35.50 % 8.7 1.00 “n 1.10
l Juse  35.00 " .74 1.00 .. 1.10
July  38.00 'Y % 1.00 0 141
: August  54.00 YY) 067 1.00 00 1.13
R Septender 34.60 .7 0.48 1.00 [N 14 1.12
: s4.00 " " 1.00 8.9 1.11
: 33.30 T .64 1.00 'y 114
$4.08 0" e 1.00 0.0 1.13
I NEAN  34.43) 931.30 'R 'R 1.00 2.9 1.12
: ‘COWMNTRY: PANANA
5 AVEBACE AV. BEL. CHICAGO
) MONTH TEMP. MUNIDITY  CAREL BR.S1RONM asce asce U NECA NEAN WULTIPLE
; Jasssry  79.30  80.00 'Rl 0.70 0.8 'KY) " 1.17
. Tebesary 06.06  83.4¢ 0.7 en .73 8.9 PR 1.12
4 Naseh  B1.00  81.00 973 0.7 013 8.9 0.0 1.18
Mpril  8z1.08  01.00 0.74 0.7¢ 9.7 .93 0.0 1.16
Mey 0030 87.00 0.2 "N 0.3 " .7 1.22
Juse  00.00  0.08 0.7 0.6 0.1 6. 0.7 1.18
i July  80.30 . 0.7 0.4 0.73 'y "“n 1.28
Avgust  B0.80  ve.00 0% 0.6 0.78 6.3 ¢.78 1.18
) Septemder  79.50  91.00 0.7 0.69 0.7 "” 07 1.22
- Octeber  79.88  98.00 'R 0.6 .78 """ 0. 1.27
. Nevember  79.08  91.00 877 0.6 .73 ..”" 8.7 1.20
: December  80.68  90.00 8.7 8.6y 0.7 " " 1.20
" NEAN 8.0 87.03 .2 0.7 'K 1) 0. X1 1.37
COUNTRY: VENZIURLA
AVERAGE AV. REL. CHICAGO
, HoNTH TENP. MUMIDITY  CRRBL BR.&I1ROM asce ases NANR NECA MEAN WULTIPLE
’ Jamsary  65.%0  65.60 8.78 XY 0.2 0.9 ».0 1.29
Tobzusry  01.30  41.40 8.78 0.0 0.7 8" ».0 1.20
Mazeh  03.30  41.00 .1 0. 04 0.73 'Y 0.0 1.22
April  04.00  61.00 .1 " 0.7 'X1) 000 1.13
May  84.30 43.00 0.7 .. 'R’ 0.9 0.0 1.36
Jens  05.80  40.00 " *n 0.7 “n %1 1.27
July  85.00  63.90 "7 0.2 0.3 "% 'R 1.3?
Asgest  05.30  43.00 0.7 *n " 0.% %! 1.2?
Septemder  05.38  1.680 % e 0.3 0% 0.7 1.20
Octeber  84.00  42.00 0.7 9.73 0.3 0.% 0.0 1.18 CL
Movember  83.50  43.00 0.7 8% 0.7% 0% 0.0 1.33 R
Secenber  §3.40  63.00 0.7 0.7 8.73 'X1} 0.0 1.33 D
NEAN  03.70 41.47 0.73 0.7 6.7 0% 0.0 1.13
-~ _
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couNTRY: BRAZIL
AVERAGE AV. BEL. cuteac0 0 TTTTTTTTTTmememmmmmmmees
| MONTH TENP. HUNIDITY  CRREL BR.&ISON asct AscE NAHD NECA NEAN NULTIPLE
“snwary 70.00 " " 075 0.7 003 117
Tebtwary “n " 0.7 " 0.0 1.18
March 0.0 0 0.73 o.M 0.3 118
April 06 'Y 0.73 0.9 0.0 1.7
: Nay . . 0.0 0.1 "“n 0.8 1.16
June 49.00 0 0.0 0.73 0.1 0.0 t.14
' July 6.0 095 0.0 0.75 0.9 0.08 1.14
Awgust .00 T 't 0.78 0.9 "% 1.1
Septender 73.00 0.9 0.03 8.75 'R " 1.14
Octeber 73.00 0.9 0.0 0.73 “n 0.0 1.16
Nevemdes 712.00 0.0 0.0 0.7% 0.9 007 1.14
Decenber 71.00 0.83 'Y 0.75 0.9 "W} 1.16
I NEAN  73.46  70.7% W) 0.8 0.73 X} WY 106
COUNTRY: BOLIVIA
. AVERAGE AV. REL. cMICAGO
R TEMP. WUMIDITY  CRREL BR.LIRON asce asce NAHB NECA MEAN WULTIPLE
75.50 3.0 " 0.78 0.9 W) 1.12
76.00 14.08 002 0.73 0" .88 1.18
75.00 71.09 0.0 0.7% " 0.0 116
@A ime 0.87 8.1% 8.9 0.00 1.13
7180 41.00 "“n 075 "%l %) 1.12
6.00  §1.08 0.0 0.1 1.00 2.9 111
i .30 ss.a 6.0 1.0 1.08 0.0 1.04
« Asgust  71.30  47.00 o0 1.00 0.9 0.93 1.08
: Septenber  76.356  49.09 e n 1.00 0.9 0.9 1.08
Octeber  73.08  35.00 0. 0.7 "X 0.8 1.12
Nevembar 1.00 8.73 0.9 [ ] ] t. 1
" 0.7 0.9 ') 1.8
I K] .0 'R 0.9 .12
A COUNTRY: cMILE .
. AVERAGE AV. REL. EMICAGO E
» TENP. MUMIDITY  CRREL SR.SIRON asce asct MAND NECA MEAN NULTIPLE _ _’_*_11
.00 0.8 078 1.00 .e.n 1.0 1
) Febtuary 68.00 0.9 0.7 1.00 0.9 1.10 5
: Mareh  435.30 “n 018 1.00 0.9 1.10 . ]
£ April  39.350 " .10 1.00 0.9 11
\ May  $3.00 0" 0.7 100 *.%n 1.2
v Juns  47.%0 8.9 0.6 1.00 0.0 1.13
] July 4000 K1 Y] 1.00 N1 1.13 -9
o Avgust  30.30 1.00 e 1.00 0. 1.12 s
. Septemdes  34.00 'R7) 'R 1.00 'R .12 3
v, Deteber  58.50 'R 8.1 1.60 8.0 1.10 ]
. November  63.08 0% 'R 1.00 0" 111 . 1
X Decamber  47.00 0.9 0.1 1.00 "R 1.11 -
. WEAN  38.43  4v.08 0.9 "1 1.00 0.9 1.11 : o
-° __
v.: ;
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COUNTRY: PARAGUAY i
AVERAGE AV. REL. CHICAGO TTTTTTETTTTTTTTT e
MONTH TENP. NUNIDITY CRREL BR.LINON ASCE AsSCS NANB NECA MNEAN WULTIPLR 1
January 83.00 56.00 6.1 0.0 075 o7 o P ——a ]
Tebsuary 02.30 35.00 0.7 " n 0.73 ®
Mazeh  08.30 ') "0 0.7% o
April 74.30 0.85 0.0 ..78 i
May 67.30 0.% 0.08 1.80 i
June 42.50 0.9 0.7 1.00 9
July ¢3.30 0.9 0.7 1.00
August 47.38 8.9 8.8t 1.00 -
Septender 71.%0 0.95 .03 1.00
74.90 0.0 0.0 1.00 ®
Movember 77.%0 0.8 0.9 1.00 .
Daceabdar .8 0.78% 6.9 1.00
NEAN 73.08 34.03 0.04 ..
COUNTRY: PIRV
AVERAGE AV. REL. CHICACO
8 NONTN TEMP. NUMLIDITY CRREL BR.LIRON Asce ASCK NANS NECA MEZAN NULTIPLE
Janwary 74.08 .9 0.7% 8.
Tebsuary 75.00 8.9 .73 0.
Mareh 74.90 0.9 0.8 0.
{ April 71.90 6.0 0.8 ..
May 47.08 “n 1.00 °.
June 63.00 .7 1.00 q.
_ July 42.00 "N 1.00 ..
h August 61.00 *n 1.00 ..
Septender 61.59 R 1.0 ..
! Octebder " 1.00 ..
R 078 1.00 ..
0.0 .73 ’.
Y 0.0 0 ‘K1) 0.9 1.18
COUNTRY: VRUGUAY
AVERAGE AV. REL. CNICAGO
MONTH TENP. NUNIDITY CRREL BR.SIRON AsCe asce NANB NECA WEAN WLTIPLE
Janwary 72.30 $3.00 0.9 0.0 1.00 09 0.9% 1.07
Tebsuaty 1.5 35.08 0" 0.% 0.73 .. (W1 1.1)
Raceh 48950 37.08 .. 0.8 015 1.00 0.0 112 CTs
aprid 43.00 41.00 ».9 (R 1) 1.00 1.00 0.9 1.0? o
May 36.00 66.00 . 0.1 1.00 1.00 0.9 1.08 R
June $1.60 ér.400 1.00 0.4 1.00 1.00 'K 1.00 RN
July 10.90 .00 1.00 0.40 1.00 1.00 *n 1.00 R
Augest s1.00 67.00 1.00 6.6t 1.00 1.00 0.9 1.09 . R
Septander 54.930 635.00 'K} 5.7 1.00 1.00 *n 1.0 .
Octedes $0.50 .00 0. 0.73 1.00 1.00 0.93 1.07 -—
Nevember 4“0 $6.00 0.9% (K1) 1.00 1.900 0% 1. -
Decembos .00 sz.00 0.9 0.0 1.00 1.00 0.9 1.0 8
>_ NEAN 0.8 61.00 .. (K1) 0% 1.00 e 1.08 2
) . T
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COUNTRY: DOMINICAN REPUBLIC
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AVERAGE AV. REL. CHICAGO
MONTH TENP. HUMIDITY CRAEL BR.LIRON

. [ ]
Februacy 73.3¢0 38.00 [ ]
Nareh 73.5¢0 40.00 [}
April 77.08 63.00 [ ]
May 78.950 63.00 []

June 79.30 6.0 .78
July 80.00 44.00 [ ]
Avgust 80.30 66.00 [ ]
Septender 80.00 .00 [
Octeber 79.5¢0 66.08 [}
[ ]
[}

Decenbar

AVERAGE AV. REL. CHICAGO

MONTH TENP. HUNIDITY CRREL BR.LIRON ASCE ASCE NANB NECA MEAN MULTIPLE
Januwacy 27.9%50 0.0
Peabruasy 78.00 .70
Nazch 77.00 0.7?
Aptil 80.00 .74
May 81.00 .78
June 02.30 0.74
Jely 34.00 .73
August 03.00 0.7¢
Septembder 82.00 0.73%
Octeber a1.00 8.73
Nevember 79.50 0.7
76 .00 0.0
NEAN 80.4¢ 4.0 .77

COUNTRY: JAMAICA

AVERAGE AV. REL. CHICACO
TENP. WUNIDITY CRREL BR.SIRON

ASCE NAHB NECA MEAN MULTIPLE

76.30 61.00 1.12
Tebruary 74.9%0 62.900 1.12
March 77.008 43.00 1.13
April 70.3%0 66.00 1.18%
May 79.3%0 60.00 1.1?
June 81.350 68.00 1.1
July 81.9%0 ¢3.00 1.19
August 81.9%0 70.00 1.19
September e1.00 70.08 1.19

October 1. ]

1.

1. 1

9

o 1
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AFCS climatic zone labor adjustment factors / by Roger L. Brauer ...(et al,) -
Champaign, I1l1l : Construction Engineering Research Laboratory, 1984,
38 p. (Technical report ; P-165)

[

l. Army Facilities Components System. 2. Construction workers - produc-
tivity. 3. Construction industry - labor productivity. 4, Climatic zunes.
I. Brauer, Roger L. II. Brown, Gersld J. III. Koehn, Edward. IV, Brooks,
Samyel T. V. Mahon, Thomas. VI, Series ; Technical report (Construction
Engineering Resesrch Lsboratory) ; P-165.







