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ABSTRACT

Keywords: Components of buildings, wind pressure, Wind loadings

The design of support structures system of building outside components is a important topic
in Taiwan area due to the typhoon affection. So this issue should be paid much attention to fit.
For the outside components of buildings we take the solar panel and water tank as studying focus
in this year. The wind loading on these type of structures should be carefully study for the special
wind loading mechanism on them. A series of aerodynamic experiments were conducted to
investigate the aerodynamic characteristics of these type buildings and the extreme wind loading
were estimated by the data we got in this project. The rigid solar panels and water tank
aerodynamic models were test in the wind tunnel with atmospheric boundary layer flow fields.
In the study of solar panel wind loadings, we used the concept of net pressure to explore the
truly aerodynamic characteristics of the thin flat panels. The pressure distribution, extreme wind
loading and total force were calculated. Also we used the structural analysis software to value
the variant support structure system of solar panel on low-rise building roof and some of design

suggestions were made with the results of analysis.  This project concludes that:

1. Roof slope effects: For the low-rise buildings, the steep roof slope may cause more serious
turbulent effects. So, to the structural safety of building outside components, selection of

location is very important consideration.

2. Location of installation: The roof ridge is the area under strong vortex shear layer affect.
It is evident that the center line of roof will be the strong turbulent region, it is dangerous

to the building components to install there. The side of roof will be safer to the structures.

3. The height of support system: To rise the base line of support structures may avoid the local

acceleration in the gap between roof and components.

4. Wind angle effect: For the safety of structures all possible angle of wind should be

considered. The special angle of attack and roof type should be considered together.

5. The existence of parapet of roof top: Un this study the existence of parapet will reduce the
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wind loading on the roof top building components dramatic.

The aerodynamic characteristics of solar panel on low-rise building roof top: The
distribution of surface pressures on low-rise buildings will dominant the aerodynamic
characteristic solar panel on it. But the small angle of wind attack may cause the strong

suction on the corner of panel, it should be carefully check.

Multi-panel: For the multi-panel set on the roof top of low-rise buildings, The are seems no

more serious aerodynamic characteristics appeared in the results of tests.

Spatial correlation of panel: The aerodynamic correlation of solar panel surface is dominant
by the separation shear layer of leading edge. With the analysis of surface pressures
correlation, the correlation length of panel surface pressure is about one third of the panel

length.

The results of structural analysis with the wind loadings shown, that the braces in the
support system will play an important role on the dispersion of member stresses. Usage of

braces in the structures will improve the efficiency of structures.

Increasing the height of support structures of solar panel will be a simple and efficient
method to improve the wind resistant ability. But suitable location should be selected

carefully, the center ridge line region should be avoided.

Due to the highly turbulence effect, the wind loadings on the structures will be variant very
quickly. So the analysis of wind loadings time history on the structures will be important
to the assessments of structural safety. If only the symmetric and static wind loadings were

applied to the structural analysis, there may be under estimated to the wind effects on them.

The suggested study issues comes to the immediate and long-term strategies are descript

below.

For immediate strategies:

The disasters were often happened to the structures of buildings components due to typhoon or
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other strong wind in Taiwan area. With the review of research reports and aerodynamic tests
results, the design code for buildings components wind loadings should be modified. And the

wind disaster loss may be deduced more in the future.

For long-term strategies:

The suitable design procedure and analysis code should be developed for the building outside

components. The better structure system standards should be studied or created.
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Main Wind Force Resisting System

0.25< h/L<1.0

Figure 6-18A l Net Pressure Coefficient, Cy

Open Buildings

Monoslope Free Roofs

q<45° v=0°180°

roof surfaces, respectively.

(%)

w

coefficients for 0°.

All load cases shown for each roof angle shall be investigated.
Notation:

EE

h : mean roof height, ft. (m)
v : dircction of wind, degrees
] : angle of plane of roof from horizontal, degrees

Wind Wind
Direction Direction
x T C
- :oo ¥=180°
Y \d
L1711 /7777777 7777 LILLLLLTST
Roof Load Wind Direction, y= 0" Wind Direction, y = 180°
Angle Case Clear Wind Flow | Obstructed Wind Flow |  Clear Wind Flow | Obstructed Wind Flow
0 Crw Cai Cyw Cyi Cyw Cae Caw Cyy
0° A 1.2 0.3 -0.5 -1.2 12 0.3 -0.5 -1.2
B -1.1 -0.1 -1.1 -0.6 -1.1 -0.1 -1.1 -(0.6
75° A -0.6 -1 -1 -1.5 0.9 1.5 -0.2 -1.2
B -1.4 0 -1.7 -0.8 1.6 0.3 0.8 -0.3
15° A -0.9 13 1.1 .15 13 1.6 0.4 -1.1
B -1.9 0 -2.1 -0.6 1.8 0.6 1.2 -0.3
22.5° A -155 -1.6 .15 1.7 1.7 1.8 0.5 -1
B -2.4 -0.3 -2.3 -0.9 22 0.7 1.3 0
30° A -1.8 -1.8 -1.5 -1.8 2.1 2.1 0.6 -1
B -2.5 -0.5 -2.3 -1.1 2.6 1 1.6 0.1
37.5° A -1.8 -1.8 -1.5 -1.8 2.1 2.2 0.7 -0.9
B -2.4 -0.6 -2.2 -1.1 2.7 1.1 1.9 0.3
45° A -1.6 -1.8 -1.3 -1.8 2.2 2.5 0.8 -0.9
B -2.3 -0.7 -1.9 -1.2 2.6 1.4 2.1 0.4
Notes:
1s Cuw and Cyi. denote net pressures (contributions from top and bottom surfaces) for windward and leeward half of

Clear wind flow denotes relatively unobstructed wind flow with blockage less than or equal to 50%. Obstructed
wind flow denotes objects below roof inhibiting wind flow (>50% blockage).
For values of 8 between 7.5° and 45°, linear interpolation is permitted. For values of 6 less than 7.5% use load

Plus and minus signs signify pressures acting towards and away from the top roof surface. respectively.

L : horizontal dimension of roof. measured in the along wind direction, ft. (m)

@)gk?}éﬁ

W 2-1 % B ASCET-10 RFH¥ B RS AFHE AT 57 4K chiz

bR GBR

F# %k : ANSI/ASCET-10
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TABLE D4(A)
NET PRESSURE COEFFICIENTS (C,,) FOR
MONOSLOPE FREE ROOFS—0.25 < h/d < 1 (see Figure D2)
0= 0 degrees 6= 180 degrees
Roof c c c c
pitch (07 pow W pow P
degrees Empty Blocked Empty Blocked Empty Blocked Empty Blocked
under under under under under under under under
0 =0.3,04 | -1.0,04 | <0.4,0.0 | -0.8,0.4 | =0.3,04 | =1.0,0.4 | -0.4,0.0 | —0.8,0.4
15 -1.0 -1.5 -0.6,0.0 | ~1.0,0.2 0.8 0.8 0.4 -0.2
30 ~2.2 =2.7 -1.1,-0.2| -1.3,0.0 1.6 1.6 0.8 0.0
TABLE D4(B)
NET PRESSURE COEFFICIENTS (C,,) FOR
MONOSLOPE FREE ROOFS—0.05 < /i/d < 0.25 (see Figure D2)
Horizontal distance
Conditions hld (x) from windward Net pressure coefficients (C,,,)
edge
xslh Values given for C, ,, in Table D4(A), for a = 0°
For @< 5° or . o w . _ias
For all axwith | 0.05 < h/d < 0.25 1h<x<2h Values given for Cp., in Table D4(A), for a= 0
8 =90° <524 =0.2, 0.2 for empty under
c —0.4. 0.2 for blocked under
d
Wind Wind
direction direction
6=0° 6 =180°
> ‘ |
) N K
i Yoa
\
RRLRLRLR: TRRLRRLR: CRIRLRIRK. XRRIARIRK:
FIGURE D2 MONOSLOPE FREE ROOFS

W 2-2 2y Fedth K3HRF AS/NZS 1170. 2:2002 $3 B 43t 22 5

PARTEE TR R B A KR

7R %k AS/INZS 1170.2:2002

B % AlJ2004 4§

p &= A5 ¢ (Architectural Institute of Japan) ¢~ " AIJ Recommendations for Loads on

Buildings ; (2004 )&k chh L £ K322 21 & 5 A fd42/ | Detailed procedure | %

Detailed procedure Il » — 4@ 3 % B % 3t 45 o= 2 b epd Mz A5 4 2+ Detailed

procedure I i& 7 3% 3* 24 A2004 02 R b BRI LE RSP F R 45 2

2

13

AAF Y MR R A5 2% T A R R A B BT e 3 i

—
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ERAFAGRENA PEAF G SRS NAR  HURBRURA S NER P A
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R 2 R e A R P AT
g A2004 v Jp it 2 4G J R nath KNP kg bR T G
*ﬂ?ffﬂfi?f °
P AR AN2004 & 30 A AR i (Un) 9T gz T B R H - 10m § & s 10
A BT IOk A MK R i 0 KR B2 PSR 100 E o HT A E 2 e A
e F) S T N2 o
R=0.54+0.1In(r) (2.9)
raksre iy .
M ETER €358 AJ2004 250 5
We =0,,CGr A (2.10)
Bd CrABETR? BT 2977 qua b @R -GraBETERPEFLRE FIF A i
BT fif o

Table A6.13 Wind force coefficient Cy for free roofs with rectangular base

roof angle windward roof Ry leeward roof Ry
6 (%) positive negative positive negative
-30<8<-10 0.7+0.01¢ -0.6+0.03 ¢4 0.05-0.0258 -1.2-0.03 ¢
-10=68 =10 0.6 -0.9 0.3 -0.9
10=8 <30 0.3+0.03¢ -1.15+0.025¢ 0.3 —0.6-0.03 ¢
Ru Rw H(m): reference height

@(°): roof angle

Positive indicates downwards.

B 2-3 P > 44 ALJ2004 H32 AP HO B RASAFA T KRS
MR chik BB (B %

T4 k& © AlJ Recommendations for Loads on Buildings(2004)
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¥ B BS6399-2:1997 R §

B>t B2 b 4 2411 T Loading for buildings—Part 2 : Code of practice for wind loads |
(BS 6399-2:1997) .4 = i - & & BSI " Loading for Buildings — Part 2 : Code of practice for
wind loads ; (BS 6399-2:1997)R.4~ ¢ > 2 A4 B R G F HIMh BAF 5 H S wmPR o
fef gy PRIGAPEEAR  TRFHLETER-HASET - HF B EH(e 04
EAPRAARB) LR RTEFRRFOFASER(cHMAZ P A - a A ETE A
g@\@ﬁﬁﬁaéﬁ‘ﬁﬁL%éﬁiéﬁﬁﬁ’%%ﬁ“%%ﬂ@ﬁﬁ?%&?°%%
H3h P EFR S AR e dEa 0 &% R R Z (Standard method) 2 b e bR 2
(Directional method) ™ & 5 8k B2 E Rk € 502 S HENHP SRS HEY PREFQ R
CPRABE OAHPFRZAFPE AR EEL R GHEL v R RIEREL v A K vt h R
Gl LR L7 R o ik TR A LR o
A HRE3H R (basic wind speed > Vo)d e P ik k2 2 B A®RY B4RAT 0 A
50 i fjF2 | pFT5h ik 0 BS6399-2:1997 gt ¥ A AR d Y ] T IOR & o Fpt
POARP R E RPN R RPER e R
# K BSI (BS 6399-2 : 1997)¥ " Z A ¥ B N2 AP A TR £ B Rah B %
&%%iﬁ%&@ﬁ&@%aﬁHZA\@zS%ﬁ’EW%$6%%&@ﬁ&ﬁa§@;

PEE » ViRt o
& a> 0° for ridged &< 0° for troughed
; \
S — 1 -
- \" - x 7\
N \ /
— I AONT A
x| :ff E
Cp > 0 downwards Cp>0downwards | Cp > 0 downwards
a) General

W 2-4 % @ BSI (BS 6399-2 : 199Dt A H B R A
AIFREETRGORRBERLEA

F AL kR ¢ ¥R BSI(BS6399-2:1997)4.4
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Table 13 — Net pressure coefficients C, for free-standing monopitch canopy roofs

Pitch angle a Load case Overall Local coefficients
coefficients A B c
0° Maximum, all { +0.2 +0.5 +1.8 +1.1
Minimum { =0 -0.5 -0.6 -1.3 -1.4
Minimum { =1 -1.2 -1.3 -1.8 -2.2
5 Maximum, all +0.4 +0.8 +2.1 +1.3

Minimum { =0 -0.7 -1.1 -1.7 -1.8
Minimum { =1 ~1.4 (-1.2) -1.4(-1.2) -2.6 -2.6 (-2.1)

10° Maximum, all { +0.5 +1.2 +2.4 +1.6
Minimum { =0 -0.9 -1.5 -2.0 -2.1
Minimum { =1 -14(-1.1) -14(-1.1) -2.6 —2.7(-1.8)

15° Maximum, all { +0.7 +1.4 +2.7 +1.8
Minimum { =0 -1.1 -1.8 -2.4 -2.5
Minimum { =1 -1.5 (- 1.0) -1.5 (- 1.0) -2.9 -2.8 (- 1.6)

20° Maximum, all +0.8 +1.7 +2.9 +2.1
Minimum { =0 -1.3 -2.2 -2.8 -2.9
Minimum { =1 -1.5 (- 0.9) -1.5(-0.9) -2.9 -2.7 (- 1.5)

25° Maximum, all { +1.0 +2.0 +3.1 +2.3
Minimum {=0 -1.6 -2.6 -3.2 -3.2
Minimum ¢ =1 -1.4(-0.8) -1.4 (- 0.8) -2.5 —-2.5(-1.4)

30° Maximum, all { +1.2 +2.2 +3.2 +2.4
Minimum { =0 -1.8 -3.0 -3.8 -3.6
Minimum { =1 -1.4 (-0.8) -1.4 (- 0.8) -2.0 -2.3(-1.2)

NOTE 1 Interpclation may be used for solidity ratio in the range 0 < { < 1 and for intermediate pitch angles.

NOTE 2 Where two values are given for { = 1, the first value is for blockage to the low downwind eaves and the second value

(in parentheses) is for blockage to the high downwind eaves.

NOTE 3 Load cases cover all possible wind directions. When using directional effective wind speeds, use:

a) these values of Cp with the largest value of V, found; or
b) directional values of C,, from reference [6].

W 2-5 ® # BSI (BS 6399-2 : 199D 2 AF B2 Hh

AT HEREERRNE R G

e

7

23k ¢ 3R BSI(BS 6399-2 1 1997)4. 4

4

B T"

FoE M RTRE

LR B 4 F 2 4n B4

FIR M A At b LN BRI (ER A L R 1 AR e
B E AR PE e ol LB WPEE WK R P E PR L L A
B EH LATY o URFRPNRPF S 0L R DT H RS R R B 0 F
SRR N AR BB OLh 552 WP RER AR o H R XA
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R R B A

2OLAAMAIBABRINAFREL EFF TR L B4 12

P\ 3

Axial Shear-y Shear-z Torsion Moment-y Moment-z

(kgf) (kgf) (kgf) (kgf*cm) (kgf*cm) (kgf*cm)
Node I 578.60 0.80 5.07 0.59 279.70 24.06
Max.
At time 1.04 1.63 1.65 1.63 1.65 1.63
Beam 2 2 4 11 4 3
Eﬁje I -114.30 -1.37 -85.43 -0.36 -1139.00 -41.08
1.
At time 1.63 1.63 1.65 1.63 1.65 1.63
Beam 5 11 2 7 1 11
Node ] 578.60 0.80 5.07 0.59 589.20 41.08
Max.
At time 1.04 1.63 1.65 1.63 1.65 1.63
Beam 2 2 4 11 2 11
Eﬁfe ! -114.30 -1.37 -85.43 -0.36 -170.80 -25.77
At time 1.63 1.63 1.65 1.63 1.65 1.63
Beam 5 11 2 7 5 8

TR kR AT R

UNIT SYSTEM ..: cm, kgf
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252 I I HCMFR R RNFRELETEAT LA B RS

Axial Shear-y Shear-z Torsion Moment-y Moment-z
(kgf) (kgf) (kgf) (kgf*cm) (kgf*cm) (kgf*cm)
Node 1 791.60 0.06 0.67 0.80 2.02 10.74
Max.
At time 1.46 1.85 1.45 1.85 1.75 1.47
Beam 2 11 14 1 6 9
Node I -143.90 -0.04 -1.25 -0.81 -2.00 -8.74
Min.
At time 1.67 1.85 1.46 1.75 1.85 1.45
Beam 7 7 5 6 1 15
Node J 791.60 0.06 0.67 1.08 2.40 10.40
Max.
At time 1.46 1.85 1.45 1.85 1.75 1.46
Beam 2 11 14 6 1 14
Node 1 -143.90 -0.04 -1.25 -0.96 -2.70 -19.14
Min.
At time 1.67 1.85 1.46 1.75 1.85 1.46
Beam 7 7 5 1 6 5

UNIT SYSTEM ..:cm, kof
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% 5-3 4 X B FidEL v AR

4
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BHERFPETEAHL A B p S

Axial Shear-y Shear-z Torsion Moment-y Moment-z
(kgf) (kgf) (kgf) (kgf*cm) (kgf*cm) (kgf*cm)
Node I 803.20 1.18 0.77 24.48 11.06 11.31
Max.
At time 1.46 1.46 1.47 1.46 1.67 1.47
Beam 2 7 2 12 12 4
11:1/[?3@ I -144.00 -2.45 -0.87 _4.45 -60.87 -12.65
At time 1.67 1.46 1.47 1.67 1.46 1.46
Beam 7 9 6 12 12 14
Node 803.20 1.18 0.77 15.83 69.54 10.00
Max.
At time 1.46 1.46 1.47 1.46 1.46 1.48
2 7 2 7 12 2
Beam
I;A?fe I -144.00 2,45 -0.87 -27.97 -39.35 5.83
At time 1.67 1.46 1.47 1.46 1.46 1.47
Beam 7 9 6 12 7 5

TR kR AL AR

75

UNIT SYSTEM ..: cm, kgf



MR RO B R LA AT

S be BT o2 AL A S R R ARIE AR 5 Ao B] 57 YT 0 LR 2 S B EL
YR G AT o F RS G T AL 2 2 b OE AT 2o it ok 5
4477 o th iRl EERPE T R NIRRE PE BT M AR R T B 2 AR G B A 4R
it 7 ftii::?;g‘_}%:sﬁ#,]‘s S o 2 5488 2 53 4prt R R SR L FT R o
Qﬁ%@ﬁﬁ’Nﬁ%ﬁﬁﬁﬁﬁyﬁﬁkﬁ%@%ﬁ:ﬂ&%%&ﬁ%iﬁyg@
B ook o, F 258 THAE RS BF o D HE RS N hERS TR
A iEr 450 .

10

&L

M 5-TRATH HbcAHFBLs ABAHkIRLHEH
TR kR 2ETEE

76



MR R G A b AT
L54RRETGHLAFHRVERPET RS2 A A B Ep

Axial Shear-y Shear-z Torsion Moment-y Moment-z
(kgf) (kaf) (kaf) (kgfcm) (kgf*cm) (kgfcm)
Nodel 09 60 0.11 0.52 0.88 1.32 11.18
Max.
Attime 1.46 1.76 1.44 1.85 1.75 1.47
Beam 2 7 7 6 1 4
Nodel 14390 -0.11 -0.58 -053 -2.19 -3.14
Min.
Attime 1.67 1.76 1.47 1.75 1.85 1.64
Beam 7 6 4 1 6 6
Node ] 50060 0.11 0.52 1.34 3.14 0.11
Max.
Attime 1.46 1.76 1.44 1.84 1.75 1.47
Beam 2 7 7 1 6 7
Node] 14390 -0.11 -0.58 -1.26 -3.34 -5.57
Min.
Attime 1.67 1.76 1.47 1.75 1.84 1.47
Beam 7 6 4 6 1 5
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