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Study on the Wind Pressure Distribution Characteristics and Shape
Optimization of Gable Roof House with Partially Protruding Plane
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Abstract: Based on the basic theories of computational fluid dynamics and atmospheric boundary lay-
er, the wind pressure distribution characteristics of the double-slope camping houses with local convex-
ity are studied. On this basis, the structural shape of the building is rationally optimized. During the re-
search, Fluent software was used to analyze and calculate the model, and the numerical simulation
was compared with the results of TTU measurement to determine the relevant parameters of the nu-
merical wind tunnel. The models are built based on the functional requirements of the use of camping
houses in China and the spatial scale required for human activities. The wind pressure distribution on
the house surface is calculated and analyzed considering the changes of wind direction angle, relative
size of auxiliary buildings and layout of buildings. The wind pressure distribution law is finally summa-

rized as the wind load shape coefficient of the house, so that it can be used in wind resistance design.
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Furthermore, the average value, extreme value and standard deviation of the wind pressure on the

house surface are used as the optimization targets, and the shape of the double-slope camping house

with partial convexity is optimized. Finally the reasonable building shape of each house type with the

least wind effect is obtained to improve wind resistance. The analysis results show that due to the exis-

tence of auxiliary structures protruding from the double-slope camping houses, the air movement

around the building will be affected, so that the wind pressure distribution law of the building surface

changes, and even more, reversal of the wind load shape coefficient of the main building will appear.

In view of the above situation, it can be seen that the influence of the auxiliary building on the wind

pressure of the building surface must be taken into account in the wind resistance design.

Keywords: computational {luid dynamics; partially protruding plane; t-shaped plane; I-shaped plane;

shape coefficient
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typical measuring points
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Fig.2 Shape of the gable roof camping house with a partially

protruding plane
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Table 1 Design scheme of the house analyzing models

Shape % 5 -1 A BB A AR XF Y SR (b/L) AN K BE(L/B) R £
00 i — 0 0 0°/45°/90°
01~05 4/16 0°/ - 45°/+90°
06~10 —_ 5/16 0°/+45°/+90°
11~15 T — 6/16 0°/ +45°/+90°
16~20 LR 7/16 0°/+45°/+90°
23456
21~25 8/16 3838383 0°/+45°/+90°
26~30 % LIE — 3/8 0°/ +45°/+90°
—
31~35 HLIE I— 3/8 0°/ +45°
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Table 2 List of shape coefficients of the camping house with T —shaped plane gable roofs

KEf Al A2 A3 Bl B2 B3 Cl C2

C3 D1 D2 E F H1 H2 H3 H4

0° —06 —03 —02 —06 —0.2 —0.2 —0.5 —0.3 —0.2 —0.2 —04
45° —05 —05 —04 —08 —0.7 —0.5 —0.1 —0.2 —0.1
90° —04 —0.3 —04 —05 —05 —0.5 0.2 0.2

—45° 06 05 03 0.1
—9° 06 07 06 02 02

0.1 —0.1 —1.1 —0.8 —0.6 —0.7 —04

0.7 —0.2 —0.6 04 —06 —04
0.7 —04 04 —05 —0.3 0.7 0.3 —04
0.2 0.5 05 —0.6 —0.6 0.2 0.3 0.7 0.3
04 —0.7 —03 —06 —05 —04

0.2 —05 —05 —05 —04 —04 —06 —06 —05 —0.5 —0.2 —0.5

®3 ELETENHHFEEREFEERY
Table 3 List of shape coefficients of the camping house with left L-shaped plane gable roofs

K Al A2 A3 B1 B2 B3 Cl c2

C3 D1 D2 E F H1 H2 H3 H4

0 —06 —03 —0.2 —06 —0.2 —0.2 —0.7 —0.3 —0.2 —0.4 —0.3
45°  —05 —05 —04 —0.7 —0.7 —05 0.1 0.1
90° —06 —0.3 —0.2 —0.6 —0.2 —0.2 —0.7 —0.3 —0.2 —04 —0.2
0.1 —0.1 =01 —1.1 —0.9 —0.7 —0.5 —0.5
02 —06 —05 —05 —04 —04 —06 —06 —05 —03 —04 —04

—45° 0.6 04 0.2
—90° 06 07 06 01 0.2

0.7 —0.2 —0.6 0.6 —0.6 —04
0.4 —04 —0.1 0.6 04 —0.1
0.7 =02 =06 0.6 —0.7 —04
0.5 —04 —07 01 —04 —05

0.1 0.1 0.2
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Table 4 List of shape coefficients of the camping house with right L-shaped plane gable roofs

K f Al A2 A3 B1 B2 B3 Cl Cc2

C3 D1 D2 E F H1 H2 H3 H4

0 —06 —03 —0.2 —06 —0.2 —0.2 —0.5 —0.2 —0.2 —0.3 —0.2 0.7
0.1 —0.2 =03 07 06 04
0.1 —01 —01 —09 —0.8 —0.5 —0.6 —0.6 0.4

45°  —0.5 —0.5 —0.5 —0.8 —0.7 —0.5
—45° 0.6 04 0.3

—0.3 —04 02 02 —0.2
—0.3 —04 06 0.2 —0.3
—0.3 —0.3 —04 —05 —04
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