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Analysis and application of sensitivity difference of office buiding loads
in cold regionsn
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Tianjin University, Tianjin 300350, China)

Abstract: To investigate the impact of climate difference on the energy performance of office buildings in cold
regions of China, Morris method was adopted to conduct a sensitivity analysis on the influence parameters of
building indoor environmental construction loads in Beijing, Lanzhou, Kashgar, and Lhasa. Loads distribution was
obtained to reflect the load differences among the four cities, and sensitivity and correlation were adopted to
describe the regional differences in the influence of parameters on load so as to optimize the building load according
to the correlation determination. Results show that the load level in Lhasa was lower than others, and was
significantly affected by radiation-related parameters, where the sensitivity of solar absorptance of external wall and
roof structures could be close to the average heat conductivity of corresponding structures. High sensitivity ranking
parameters ( internal loads and set-point temperatures) and some low ranking parameters ( structure parameters
dominated by heat conduction) had the same optimal value in different regions, while the optimal values of SHGC
and WWR generally showed regional difference, orientation difference, and uncertainty. Only Lhasa and Kashgar
had the same optimal value for SHGC (0.52) and WWR (0.25) in all orientations. In addition, compared with
the optimization solution of NSGA-II (200 generations, 10 populations/generation) , the optimizagtion of building
load based on Morris sensitivity analysis was not only slightly better but could save at least 1/3 of total time
consumption. This study reveals that the local climate difference in cold regions has a significant impact on building
loads, while Morris sensitivity analysis can analyze this difference and quickly optimize the building energy
consumption performance in design stage.

Keywords: Morris sensitivity analysis; multi-objective optimization; building load; cold region; climate difference

Hh [ S 5 LR [ R SR B XN H TIRRE B B AR 0 B 1Y 22 e, B SR RE AR KT I
HEERWSHSATAR RN iR
AR, T8V i IX i T 75 S e i 4 Z= b e

Wi EH: 2019 -01 -16

BLWE . FHF [ AREHS (51338006) MEFEREHIEAHEMEER HRD, B
EE-T: & H(1987—) , 5 ,]ﬁﬂjﬂ:%ﬂi, %[2—3] Morris %[4—6} Sobol %[41 %ﬁﬂl@ﬁﬁ‘ﬁ’ﬁ‘

A HE(1960—) , 55 #%, WA
EIEMEE: & 1, nhu@ . e cn BRI AT R F R LA RE M SE BT L T i T B S0, (L



A

TR, S JEV M DX A TR AR A AT R 2 S 0BT B - 181 -

R4 T BERERIL AR A 1R .

ASCE R T BB B, R I A BT E A AR
B (& AL Ve AT 2% S I
H B T ) S R R AR AR FE &R, 2 A DA T 22
M A RLEE 4 N FER X O SR 5 5L il Morris
4 R SEURRAE ST 5 22 J SR FHAR S e ) o 47 i
itk , 35 NSGA- T AL ML &S R AT xt 1 B
TE4E 8V Hi X R =i T SR 0 Ay B U AR
25, IR LR L 3T Morris US43 A7 Y
PLALRCR .
1 % &

SR A3 A AT T RS RO 45 R e
2 ABJRRE AT AT R RBFEAH G R 2 (1 R £
PERHIE , BT 21 RS HUE S A A R TR
SURBEHES T . SO BT Morris 435 R 20 A
PRI 280 A R AL R 3 EL X B S 4
SRR SEEAT R MR AR 1T B T A A SR
REFERLTY. A TR B R R T I E/ 2R
TN BT (40 - Sobol %) , 7R B3R R K [A] 7€ £ AH %
PERER A TE LT , Morris ¥£{U Sobol 15 A i
JUt4r 22— RIvT 19 3] 5 HEA — B 2 v E
AR

Morris SUBM: 20 B R, Bt Z5 R R y () 52
SR

y(x) =y(x,,%,,%5,°,%,) ,
A, EASE « 7Y BTG FE A A B R —p X
F[0,1 1355530 p K (AL p =4) B R & 4E p
IERFEAR 23 (6], Z 5 #2 3% OAT ( one-factor-at-one-
time ) SN AE IS HOREAS , FOBCR B R RS A7 1
&8, MR k+ 1 MEARTEER G AR 2S5
) R AR | IR AL EE, K
g, = 10) =/ ()]

Keie {1,2,3,, k55 (%) ' (2) 53510 «, 224
BUJo B A5 2R 5 A O o« 28 AR R0 R X L 7E B 40— B
XME[0,1] ERBUYEZ 2.

TEXT 2 80300 S 3B 5 , 158 i 70 R AN 9 ME
w RFRIRSH 42 )R UL | (B 24 S RO Kk e ok
i, 23 PR TE £ 70 38 800 HRTH T 0 1k % WL Hi S e 2
BUE A P, SERFER ] 0" RS HURE™ . p
Y IE U AT HIR R IR S80S S5 R E | TR G,
Al A A A8 AR o/ " AT S80S 45 R A S TE X
HEATART i %ok LR R PN Y S 8 R A AT
FlE (WKL) AR AKE LT

Kb or WHURE o ) EE RIPRHE 2 50" O EEBY
Haxt ), BIEURE.
F1 BRIEXMHR

Tab.1 Correlation description of parameters
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Fig. 1 Partition of thermal zone in office building
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Tab.2 Parameter setting of non-lransparent envelop structure

. ¥ (D) /m SRR/ WEP)/ LE#E(C) / R R
(We(m-K) ") (kg-m~?) (J-(kg:K)"')  (We(m*K)™')  (W-(m?-K) ")
RN R 0.27 ~0.32 0.08 ~0.13 1 400 ~1 700 950 ~1 050 0.24 ~0.45 0.45
Sk w 0.30 ~0.35 0.11 ~0.16 900 ~1 200 950 ~1 050 0.30 ~0.49 0.50
it F 0.12 ~0.17 1.25~1.30 2200 ~2 500 950 ~1 050 3.50 ~4.13
P In 0.22 ~0.27 0.65 ~0.70 1200 ~1 500 950 ~ 1 050 1.77 ~2.15
Hi i GF 0.15~0.20 0.65 ~0.70 2 000 ~2 300 950 ~1 050 2,18 ~2.74
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Tab.3 Parameter selting of window, internal loads, and set-

point temperatures
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AMETRFHREFHAREL SHGC  0.32~0.52
PSR L WWR  0.25~0.50
Shg ] OGBS L T, 0.50 ~0.75
ShEfE S BEE (m' (sem®) ~') ¢; 0.000 358 ~0.000 717
TR R/ (Wem ™) L 4.5-~13.5 9
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NE RS R (m® - A1) 2 5~15 10
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Tab.4  Setting of radiation-related parameters of structure
surface
- W #FR A pNUEEES €S
(pr) (ps)
R R 0.50 ~0.75 0.50 ~0.75
ShgER W 0.50 ~0.75
ShERSMI W 0.50 ~0.75 0.50 ~0.75
B F 0.50 ~0.75 0.50 ~0.75
Pk In 0.50 ~0.75 0.50 ~0.75
Hb 17T GF 0.50 ~0.75 0.50 ~0.75
Kk Ceil 0.50 ~0.75
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Tab.5 Information of geography and climate of each region( data from literature[ 15])
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Tab. 6  Sensitivity and optimal value of SHGC in different
orientations in each region
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Tab. 7 Sensitivity and optimal value of WWR in different
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Tab.8 Comparison of optimal indoor environmental construction loads and total time consumption
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