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# #4574124025 : MAJOR ARCHITECTURE

KEY WORD: EXTERIOR SURFACE AREA / TOTAL COST/ SMALL-SIZED FAMILY HOME
NARONGRIT  JINJANTARAWONG: A DESIGN APPROACH TO REDUCE EXTERIOR
SURFACE AREA AND TOTAL COST FOR A SMALL-SIZED FAMILY HOME. THESIS ADVISOR
:PROFESSOR SOONTORN BOONYATIKARN, Ph.D, 154pp. ISBN 974-17-5253-9.

According to business situation now a day, most of family in Thailand generates low income,
However, there is still high demand for inexpensive compact house. Due to the stated problem, to
develop suitable and inexpensive housing for low-income earners. Moreover, this kind of house must
be easy and take short time. This housing project aims to study exterior surface area because its
affecting the total cost and quality of life.

The purpose of study is to determine the relationship of variables affecting the exterior surface
area and develop a small-sized family home to reduce the exterior surface area and total cost. The
study is separated into three parts. Mathematical calculation were used to determine the relationship
of variables affecting the exterior surface area, design methods for a proper small-sized family home
by taking those variables into consideration and study evaluates the building expenditure, calculates
the timeframe for building this house by comparing it to other small-size family homes.

It is found that the variables, which affect the exterior surface area, are useable areas, floor
plan, shape, height the construction of the exterior surface area. The exterior surface area includes a
Exterior Insulation and Finished System, a ready-made reinforcement concrete wall, an interior
insulated wall, a wall with iron frame, the coating of exterior concrete wall, an interior insulated wall with
iron frame, and a wall with insulator wrapped around. The design should have floor plan and form in a
semi - circular or almost circular shape, the exterior surface area is constructed by using Exterior
Insulation and Finished System and using walls with an iron frame wrapped with insulator or coated
concrete on the outside. The construction cost is approximately 5,130 Baht per square meter by six
construction workers during six days period.

As conclusion, a small-sized family house to reduce the exterior surface area and total cost
can be reduced the cost-and energy. The exterior surface area ratio is 2.44. If this house is air-
conditioned by a 0.9 Ton air-conditioner all day, the cost of power used-is about 1,750 Baht per month.
This is considered 2.4 times lower than that of the general housing. Appropriate construction of the
exterior surface should also be taken into consideration besides being easy and quick to build. In

addition, this house should resist heat and moisture.

Department architecture Student’s signature ........cccceeeeiiiiien
Field of study architecture AdVisor's signature  ......cccccceeiiiiieee e

Academic year 2003
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2.4 NT0NELN mm%’@uemcimneaumms

2.4.1 NMSANELNAMNIBUTINHIUKNUIBNANS

AT AL IUIINTI0NANT AE ANRAETIENILED BR9ANNNITNEm
AN F U TN LUE N LART ALY dr U AN A UL NUA AL AT R B MR
anANIREINTUFIeNNA G mslenAREnTLiLeNnA  nNItnem AL U LN
anansazdasliifiundn 45 Watym® (nsznsasdnenmans wmaluladuaz@unnden, nau
NENUILAZAILATNNAIU, 2536)
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YRINIIIA19T9
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anfindiinasednune wazAandpsFaulione mEwTndy AvdnFraueusangns
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ANPNA 2-1  WAAIAIANNNUANANGUNRWELYN (TD,,) SMFLNTRNRAMNI UL
IR meqﬁmﬂizam'ﬁmaﬁ@mﬂﬁuﬁ*\ﬁmﬁmﬁﬁmj U (N3engnendIans wmalulatinay

AIARON, NINNENUTWAZHIATNNAINIY, 25367 15)

AIANULANGANGUUD AL ULYIN

NIRUDINUY sTAUAANLSRNENNTARNAUSIARINE (O )

Kg/m’ 0.1 0.3 0.5 0.7 0.9
<0-0.2> | <0.2-04>|<04-06>| <0.6-0.8> | <0.8-1.0>

0-125 14 15 16 17 18
126 - 195 11 12 13 14 15

LNUNI2T 195 9 10 11 12 13
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2414 mAdsenausidainag (SF) AaA1adHaaNNNANGSIE

ANNRETNANNTIENUNIUNTINAN  ANRALIa9ANFsenaLIRe AR dN iR un A A
1 =
N961197] Ag

SF = 160 (Watt/m’)

I o

Ardalsznauis@eniinddniuniiageluiasing] HAwansinaii Ao
faanannig

SF = (160)(CF)  (Watt/m?)

Tne?l CF = Avsatlsznauur (Correction Factor) & uiLiniiai@eaniie] T

a = Y =
NANINFAITIN Sﬁ\mﬂmmmm\‘m 2-5

dl I o ¥ a '8 = Ql 1%
ANT NN 2-3 LAANANARLTEARULA (NILNININYNANRET LW@IMI@HLL@t@\?LLQ@I@@N, [AEREN

NAUILACAILATUNANY, 2536: 17)

7 | wida | mziuaan | mzAuaan | AZAUAAN | B | ATIUAN | AZAUAN | AZIUAN
NLBEN GENOT) GEN ] Reale GENSOT
70° 1.06 1.24 1.52 1.63 1.63 1.60 1.48 1.22
75° 0.96 il 714! 1.42 1.52 1.50 1.48 1.38 1.12
80° 0.87 1.05 1.32 1.40 1.37 1.37 1.28 1.02
85° 0.78 0.96 1.22 1.29 1.24 1.25 1.17 0.93
90° 0.70 0.87 1.12 1.7 1.11 113 1.03 0.84
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2.4.2 NNFONELNAMNTAUTINNIUNRIAIDNANG
1 1 v 1 o ¥ 1 a 1 2
ANNNTENENANNFAUIINENUNAIAIBTIANT  azFaaliiiundn 25 Watt/m
(N9=N99NENANERT MATUIAT LA AINIAFEN, NINARUILATAUATUNAIY, 2536)
2421 AMTANENAMNSDUTINTDINAIATLEARZEIU  (RTTV)

ANLLFRINANNNS

RTTV, = (U)(1- SRR)( TD,)*+(SC)(SRR)(SF)+(U,)(SRR)(AT)

)

gl
RTTV, A8 AIAN9E18MA9IN51IINIBNUAIAND1ANTNNANTELN (Watt/m?)
U A8 AN ANENITDNLNANNFRLIINIBINAIANNL (Watt/m”.°C)
& 2 ] AF- BN = o \ , X A
SRR A8 BAINAIUNUNTAIUHIANLAZWTLRIHII LT LA AN UNAIINA
PRINAIANA11IY (Skylight to Roof Ratio)
TD,, A8 ANARINWANANTBSEUUYHINELMTTHdeneuenuazniely
= = LAE T -~ - o =
21ANT TIIINDINANITAANAUTNAB NN UBINAIAFIUNL
A o a £ 1 % 1 ] dl 1 o
U AR ANUTZANTNITOIEMAINTAUTINYRIAI UL FIuaINTa9ITL LaS
(Watt/m>.C)
AT R AdrpeaRuensNTeNgAgHTEndennauenuazn e luaAng
dufudszinalng Arilpe 5 °C
A o = K o 1 o
SC  Ae AuUILANSNIILNUAATENTANTL AN

SF Aa AFdszneuiadenfing (Watt/m?)

2.4.2.2 AINNSAILLNAMNIDUTINTRINAIAT (RTTV) A ALRAE

dl ! % ! ! v [ 4 1 ] o %
NAWLAY TANATNITAVELN AN TAUTINUINAIALFIASAIU (RTT\/l) ﬂ’]u'ﬁmiﬁ@qﬂ’&ﬂﬂ%‘

(A (RTTV,) + (A, RTTV, ) + ... 4+ (A, (RTTV,)
Ay tA,+..tA,

RTTV =

=)

gl

[% v
A o

o P NUNTIMNATRINAIAAUNNANTUN (M

A

1
aa

OTTV. AR ANNNTINAMANNEAUTINTDINAIANEIUANANTUN (Watt/m”)
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2.4.23 AIAMHNLANFNAUUDNNLLLYINIBINRIANHAINUNNY

TN uaaAEAUALAIANLANFANE NN UYINT BN

ANSNA 2-4  UAANANANUANFAWNGUUNNWELIYY (TD,,) AMFLUGIAINRANNILILI

LN Lmzmﬁuﬂﬁxaw%mmmﬂﬁuﬁ*ﬁmﬁm%mﬂ 4 (NeenIaanendngns walulad

WAZAILIARDN, NTNWANUILAZAILETNNAI91, 2536: 19)

ATATHUAN AN UUDNLTAEILILYIN

NIAUDIUAIAT szAUAANsEANENMsAANAUSIRaYing (O)

Kg/m’ 0.1 0.3 0.5 0.6 WAEHNINNIN
<0-02> |<02-04>|<04-06>| <06-1.0>

0 - 50 20 24 28 32
50 - 200 16 20 24 28
LNWN21 200 12 16 20 24

i i v
AmFuudsandglnsaiisuanfdnisszuteInIA 1y nItiuAsAn 2 Gu

ﬂmzﬁmmﬁﬂmﬁﬁmmmLmemgmmﬁLﬁﬂuwhﬂdmﬁ 1(0L = 0.1) ARWAnY 0.8 318NT

a a

[ %

ARUATANNIRUANANNIZALANENLsZANENIsnANALIIAR AL TuAN919N 2-2

o

2424 pAaqdssnausidanniag (SF) Ausunaannniunas g

o = o

¥
syAvAzaueg iuyBeaesnasnn T 19 warlinisAiwamiA SF assesandeAisn

1 o

srnaud5uud CF Anfatlsznatsadaniing An
SF- = (370)(CF) (Watt/m’)

Imef CF = Anfdatlsznavund (Correction Factor) &195UMadAN #aunleann

AN9199 2-5
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AN 2-5 LAAIANFRLIENALLARINTUNAIAT (NTENIIANEFAIERT WmATulatiLazRIuIn

ABN, NTNWAULAZAILATUNANU, 2536: 20)

7 | willa | mzduaan | mziusan | Azdean | 1A | AZAUAN | AZAUAN | AZIUAN
NuLBE LReLuila vaeale \Reale LasaLuila
0° 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
5° 0.98 0.99 0.99 1.01 1.01 1.01 1.00 0.99
10° 0.96 0.97 0.99 1.01 1.02 1.01 0.99 0.97
15° 0.93 0.95 0.98 Sl 0" 1.02 1.00 0.98 0.95
20° 0.90 0.93 0.97 1.00 1.02 1.00 0.96 0.92
25° 0.87 0.90 0.95 0.99 1.01 0.98 0.94 0.89
30° 0.83 0.86 0.93 0.98 0.99 0.97 0.92 0.86
35° 0.78 0.83 0.90 0.96 0.97 0.95 0.89 0.82
40° 0.74 0.79 0.87 0.93 0.95 0.92 0.86 0.78
45° 0.69 0.75 0.84 0.90 0.92 0.89 0.83 0.74
50° 0.64 0.71 0.81 0.87 0.88 0.86 0.79 0.70
55° 0.59 0.66 0.77 0.83 0.84 0.82 0.76 0.66
60° 0.54 0.62 0.73 0.79 0.80 0.78 0.72 0.61
65° 0.50 0.58 0.69 0.75 0.75 0.73 0.68 0.57

2.4.3 nIsAUIMARNLSERNENSINEIAINSAUSIN

AnFeulpenisinANTeutesian e amisofiansanldain A

2431 dulsz@angnisuianusau (k) ANaIN1TaluNTEem

o

132 ANTN1TUIAINN

¥ o ?:/ ' o a £ o v v dl A o =< A
?@u‘ﬂ‘ﬂﬂfJ@@uuj Adulssd@ninnsinanufaunialfaniosnameunie Ae Usun

]
a g

ANFEUNAUIAANI 1 A19neae AvEMLY 1 widae T 1 vidaeaan TaaiAanuuen

a

AR N NEITA RS

v
o

q

2 A1 1 widng ANENL Tz ANTNIuNANFauRwaeL W/m.°C

(N9=N39NeNANERT MATUIAT LA AINAREN, NINWRIUILATAUATUNAINY, 2536)
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24.32 AnNidANNsau (C) AANiANFeuLedanlng
A

A AnsdausyndnAdnlszAnanisinannanfauiuauuunaesdan  I9@NN90

Al AaaNn1gaasialyl

AX Aa ANNENAR9ER (M)
9

C AR AIAINLNAINNEDL (W/m'."C)

2.4.3.3 AMAAIUMBANNGAR (R) AIAMNAIUNIUAINNTEY

[ % A o 1 ] v d} o Y o 1 da’
‘?.Iﬂ\‘]']@ﬁﬂﬂ“‘] ARAIUNALIRIANANNENANNTaUTIA ML fsannsRa U

R A9 AIRNAINNILAIN5a (M .°C/W)

2.4.3.4  AMNATUNIUANNSRUARINANDINA (air film) AN

=S

amsnlunisdaduannfeussndasiiadan e dueinaanetinasey  TuetiuAIAN
FuMINAINTaLYasAANaIN AT TeNTARTY  ATNFNWNIWANNTRUTIBIANEINA
anunsautivaaniiu 3 Useinm A

1. ANNFNUYNUAMIRFUIaIRANa I ANRIATULaNTa9RIANT (R)

1
aa v

2. ANNATUNIANKTaLTasHANaNNIANHN AU NIRRT (R)
3. ANHATKNIRANNTAULBINANEINA ﬁ@%imﬂslum'mdwmmmmmﬁq
NAIATUAZINANY (R))
2435 ANMNATUMUANINGAUTIN (R,) NITATUAUMIAIAINM
v v o o dj al 2 g o
FAUNIUAINTAUIINTAINTY UAIAIMATINANY (R, TeRlAseaietszneavauandan

WANANSTU n 1HA aN1nAUIIRe AN TAIsa lUT
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1. lunstienlsenmisdsznaudnedan n 9iin

uiim TET]4
HIMUBNHYI AX AX, AX, A luei
RI_I K 1 K! KII R.
SR Wi |

91 25 wAAIANTWNNITNEINANINTRWNIUNIIEANS  SeilAssaFaLlsynatmuaINdAsusAN

AN N 1lim

Ax Ax Ax AX
R =R +—"4—24_ 34 4+ "4R

1 ¥

AX,, AX,, AX,,.., AX,  As pavunaesianneiaislsznavaiuiune

q

IRAN 1, 2, 3, ....n AINAGL

K,, Ky Ky, K Aa Anilsz@nsnisinannfeuaesianatian 1, 2,
3,..., nAMNAIGL
A ¥ % a o dla ¥
R, R AB  AYNANLVINANNTRUTBNHAND N AN RSN WWAN

0N

LAZANU DNEIIRNANTANNAN AL

2. lunsaineilana1Ans HEe991981N0 A AN2ANUINIUNATAH
v v o [ dJ a v é/ [ %3
ANUNIVAINTBUIINTDINTINAIAUATINANY (R TeHlARaTMUsTnaLauaInian

LANFANAY N TUA LAZHINEIAITNTA9INaNNA dAN1TnAIUa Ul aE N 19ssa Tl
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_..-—"'"._-_Hk"--—. R wim

LAV

FTMHENHI) AX, AX, R, AX, falueia
R K, K, K, R

dl ! % 1 o dl = 1% ¥ o
91N 2-6 LAANANINNITONLNANNIAUNIUKINA1ANTTINTATIAT U sENaLARadan n

a Q

10p WAy N1av919an1anaglu

R, A8 ANANUNILAIINTaLTasHaNeIN AN atn 8 luT 899198 N ATBINIS
2435 dulsz@angnisonsinannsausan (U) Adudsy@nannsg
ANemANNEAUTIN AR AIUNALAENAIANNAIUNILANNTEUIIN  (W/mZ.°C) @1Hn9E

AunnsleAatl
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26 uwaneAdulsrAnaniniiannien (k) WATANUUILULLEITARFNT

(N9xN3INENANERT WMATUIAT LA AINAREN, NINWAUNLATAULATNNAINY, 2536: 56)

0
v =

[ %

ANAUN VE0) AMNURUILUY A1 k
kg . m"® m".°C’
1 |uduTwuAuediuaned 1,860 0.198
2 |uduauauiuaufeauuedluanas 720 0.108
3 |Sanyavdemnivindanuaailad 2,240 1.226
4 |Undu (bitumen) 1.298
5 |83
(a) Wite uazanLiuvsatlnsoausuluan 1,760 0.807
(b) AT 6% 1,872 1.211
(c) Wila (lad@niigf) 1.154
6 |maunim 2,400 1.442
7 |PeunTa TlALN IIARINHILIEUGINT 960 0.303
1,120 0.346
1,280 0.476
8 |unuldfan 144 0.042
9  |udulWiuef (Fiber board) 264 0.052
10 [Wwesnara (glauda)
(a) wuvsiau (Blanket) 10 - 24 0.038
(D) WL (Rigid board) 32-48 0.033
(c) WLy (Rigid pipe sections) 56--80 0.038
11 |wkungzan 2,512 1.053
12, [t amailuusin vieaen de szuineiandu 32 0.035
2 WEI (W9A9)
13 |urndudu 880 0.191
14 [uulddnanfavesn
(@) NIMIFIY 1,024 0.216
(b) U unang 640 0.123
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F19N 2-6 (sie) wansAndNlszAnanisiianFau (k) wazANUIWiNLe3Tan s

0
v o

AUN VAR AMNUUILUY A1 k
kg . m"® w.m'.°c’
15 (lang
(a) TavznanagiilaN wiIL9INA 2,672 211
(b) NOGUAY PTANE Wil 8,784 385
(c) anNNAN 7,840 47.6
16 [laus dnuviuiiluugy 32 - 104 0.035 - 0.032
17 |3an 4 uvizetlniia
(a) Budn 880 0.191
(b) Yuanu S 300 0.036
ST ANANS 1104 0.274
(c) waslai 616 0.115
(d) Yunaunag 1,568 0.533
(e) wasinla 640-960 | 0.202-0.303
18 |Iwaalsisw wWenanasi 16 0.035
19 |In3eainu In 24 0.024
20 |9an it PVC 1,360 0.173
21 |AUSANAIN (39178) AR 1% 1,200 0.375
22 |Wu
NnIg 2,000 1.298
wn3Tim 2,640 2.927
ndan 2640 1.298
23 |nsiiles wigean 1,890 0.836
24 |14
hifedon 608 0.125
hifouds 720 0.138
1&i8m 528 0.138
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F199 2-6 (i) wanspndNlszAnanisinanFau (k) wazANUILiNLeaIan s

AU VAR AMNUUILUY A1 k
kg.m® w.m".°c’
25 |wesigledl wuudansedanenunady 80 - 112 0.065
26 [lidnTnwuadn 800 0.144
27 [lfunciuday 400 0.086
28 |AuA" 2,245 0.155
29  |n?IMANY 2,244 0.155
25 |wesigled wuidansedaneunad 80 - 112 0.065

2.4.4 AANUTLANENITUILAR

]
KX A J

4nIN1IATUINLAT OTTV pasadeAflsznausadanfing dafAaARAs
-~ o coa A oo ] E 1Y , = o o
etlrasiandi@anatinzguaunszanlanun 3 daawmes atalstnnlunsiiiall wi
AN9189971AN7819192NALAINTZANNRAINNEN INWINATL 3 RAANAT LATalIalnIIRAGY
guUnsniifaumnsae petiunIaAtuaang e intns qununtinsna i usiaciisn
tsrnaumaliulisdanadasiunasanany dodsenaunldlsuil Fandn dudseananigia
dJ o 1 A o 1 o oo al = rdl 1 v 1 dl
WAR  TIAUUAINAD  “BRTIAIIENNANENARI IR INERHNUs s ULNTFNTIeNasEnay
% 6 o 1 o o al a rdl 1 a a dl 1
fnensvan uarginsndilvunssendndiidannindinqununszanlanun 3 Jadwns Nl
gunsnltiunnla (nsznsadnanmans walulatiuazfauinden, nInimuILATAETy
NANY, 2536)
Tusziumiising ailsznausae nszan uarginsnfilsunnniauanaians
Adusz@nanisiieunnaztlsznaudon 2 daw An dutlsc@nanisisuanaasnizaniad (SC,)

wazAdulszananiadauantesginamiiaing (SC,) FegNITnAUILlARNNANANS

SC = (SC,)(SC,)

2.4.4.1 dAnlszAnBnsisuanraInszan amnsnldaAnnvue
TneUFEminan Weiin1sUssilunnuiTuIngIULAIRNNIENLNINN 45 897 ALLWIGY

RAINALNTZAN
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o a ¥

2.4.4.2 dulszAnEnisiicunnrasglnsaliounn am1snAIUIn
Fannnisiansoundssie il

1 '
A o a =R

- HefAenfindmelsenausasadngg Laziaanszans ANNTENUNLIN

. & A . ¥ .- X X de o, X v o o
AN WATHUNLNIdI N1 ntnmaiamay Wi ludawiag lffundsanuannia@ngzans

v
6 o/ o

o [ a d” Qidl a Yo [ o a a 2 o a d’
LL@Z@’]V?UU?LQQAWMW‘W1NLﬂﬂLﬂq@?.iiﬁ?UW@\?\Y’I‘H’Q’mN@‘ﬂqVIIF]EWN'?J\‘]@[F]NLL@ZN'&H?EZ@’]E] §IN

aunInuanslaglannig

9]
I

AR AL Xy
A, x(Iy+ 1) +A x|,
A, x 1y + (A, +A) Xy
Agx + Ax Iy

=b_

1ngl

a o~

Q wHEDg BNINNANNU AN ARARN AIUUUTIFNY (W)
I, wNEDe - WAndSNAnseneeaiag  (W/m’)

naNede  Wand3aanszansmagaing  (W/md)

- weiy Wendie@sunageing  (W/m?)

=De

= = o . y == 2
ViERHERN UNUEN AU LR mNN (m”)

tﬂl £ 1 dl a 2
UNUUIANAIUNNANT (M)

=le

=&
NHIEON

=& dgj d‘ v 1 Z// 2
NNLOS CNUNUUABNNMNHA (M)

AsulunsaaantinANNUsLnauAenITanu 3 HABNAT WA A AN

all = 6 o o o I | a rdl , a
TNWINAT V]LLQJN@‘ﬂﬂ?MU\‘]LLﬁﬁW&LW'] UTUIUNIANUTNAR NN ANNTIENU (Q) azdAn
Q = Axl

Audsc@naninisunnresginsaiiiauen (SC,) wldananduiudsialili
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SC2 = g
Ql
A, X FAXI,
AXI,
(A /A)X], +1,
[
o ¥ — Ae
AR WA G A
o X
azl@qn SC, GBS

Fauils G Muang annig asnsnanldlasendudasysdnenizinieg

o o =

NNBITEUUNTENFNG uasdayaiANINedn9aIaed fantsiansaunsialld

nsfiaesginsniiuanaiinuuIuay

-
-

917 2-7 uaasAneuzEnanNIesgLnIniisinaTiaLLI e
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nNacla9991nInfTuAATHALUIA

, 4
L] L
#JL{ 772,

317 2-8 uaAsANEZIEINIaNNAeeLnTnl LA ATHALL A

v v
nstiaasginIafiiaunnyia 2 9ia fRssTantu AFLLT G ANNTaATLIN.

1fRaNnaNnI3

G =G, xG,

=b_

o
G, wwede  sautls G lunsdiniuginaniiiusnuuoue

G, wnaly  Foutls G lunsaimiiuginsnfilsuanuuasa

! B
- T S

¥ A "

-
4 By o Ay

1 ¥ v
717 2-9 UAAIANHALTINENINTBIRLNIDITINARLUIRIUAZ UL UELAAFITINT
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TunsdmnmuAndinlsrvanatauantesginanfifuan  (SC,)  avdes
prunuduradsnaent wilun1sAuandn OTTV Assgniesusiudneese SC, Talld
Husudedndny Aveylanitepauazaanlunsdiundn OTTV fvualfiadeanne

SC, eduaesiui 21 Hunax, 22 Aguieu, 23 Auengu wag 22 Furan 1991

2.5 srUULAzIARN LT lUNTnags9aIATs

2.5.1 szuulnseds19a1ANg

2.5.1.1 Tasstanuyw/lasean (Truss) Wulassairenlsznavaumn

oy~

o

v v
ANTudruzasdAlszneuIIAduLATAsIAIMIBNINEasaiuuLLdesieny  (Hinged

= o |

Joint) ugtlansmaasdinleaiuiiulasg uazinuifiasaauioni Tnalassdanyuay
o ¥ dlv & o dl a 49{ dl a %’ o I s dl o o =)
Mt niuluswissnnaaniedtminugmn wiesdlsenaunundsznauiuaziuusans
A o ! :// o o (5 dld 1 'Y IS {
WIBUINAAWINIL  WMNNZAMILeIABNANINHTINIA (Span) 210 Taglidesdianszngng
nans 1y Tasandann tageazniu

3 [

2.5.1.2 TAseauda (Rigid Frame) Inednflasainananuanset)

uuiian Tudnensnansafviaandassanuauiudesauiimyu (Pinned Joint) Tassadg
X \ D o v w vy Y s R o . A o o
wuuialianunnsnuninlaanssiimude e lliln1stingyu  (Bracing) M5 wHAd115U

Tasedaudaiusearaszninamuazinianaziiudesanuuiinuiy (Rigid Joint) Binllase

v
%

Y @ = o P v, s a X
daudeiinnuainisniuusednudng (Lateral Force)ldnndnlnefiazifinluimusauisiaau
25.1.3 WUITUUIMUN (Bearing Wall) {lulasea¥reininudiag
1'% o dld % o © 2 dl | o = ¥ o o 901 o
ARNAALIEINNAMNLIATNINY  waztmhiidunidsresenatsansoe  wrdedusnumiln

v

LLULARUNIALATHIMANBENANA LR IMENUTIYN lsswnpaniuntiiuds  deaunsndy

o % k4 vl % 1o o o o 901 o a o 901 o
usanseinfnudnaldandag . uddiniundeiuiwinuuunesy  azfurdwtinussynlelu

o 1 ZJ/ dd‘ o A a 1 12 1 a [ [ % %'/
srunuresNiamnTiu Tunsiinnilaiiteiln wdieusaaznszanteanteatasiagt faiuags
Naziasnanuduingsaudestaduiivme

v

2.5.1.4 wHWNY (Slab) Wulassadrluuurs waduiminussyn
1 v U A 1 [ % 1 dg/ Y o dg/
ALAYLINDDN AU NN DUATY WLNANNA NI IMEI LN LA A9
1. WHWWUNNNLALY (One-Way Slab) NUENTIMAauAIUNII/uLY WinoY)
dl o
ST EREST
1 j @A 1 dal = % o o
2. UHUWUADINN (Two-Way Slab) fAauHBNUNIgALetauimIyg
90 29AN T ULATA Wikl

v ] v v
- LNUNUARI LU AN UL N 95 UA AR A AN DA BIN U941



43
- uunugaaeuuy ANy (Flat Plate)

WAL UADIN ML BN UN TN (Waffle Slab)
k3

3. WEUNULLUNY (Folded Plate) wlulnaaianunaanuuy lFH wesnumn
anuluaneusiulan Mldaunsasutinminusmnlaaudianinazeng

4. Tnsatoudagulf (Space Frame) WlulpsaadeiAmlsznauduann

=<
Fudawan uglanmaasdensionuis 3 fiame mnnzhazdulassafenuizendsan
gy , v Lo
Mdansnataeea’) Widuetneb

717 2-10 ugAIANERILIBelANATIULLIAST fi197 (T LAY 816N, 2545: 45)
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2515 Taseaseauq  Ileeinldlnsadseiansazdsznaudae

& d” o é’ 3| ] % o/ U
29A81ATLszny 1@ AT waziu dseneviuaundumicelasaaigludneenaes uay
geneeaniliuawds  inlilaseaieimailuginsnses@iaondsasnuivlalaesioll

ThgeainquuLane i

== — Eaen

TIWI#

Wi

K.'\

PP ot 1

il
}
|

|

- - o
APMALE TR F

ln'.ai'l'?'mﬁa:m {premmatic siruciune) Tasaitd T TITRE - ':'4 Eﬂﬁs‘ it

g1l9 2-11 LAPNANRLLTBNIATA TN AR ULILIFAN (T3 UaT 816N, 2545: 56)
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1A (Arch) mngdeesdanmsnipntfaninetszndnegn 2 an wu 1A

[ %

Fanria (Block Arch) azfuihuiinussnnlfianizlussunuaeussnseinmintu i liiAnuss

q

danszanalutiudautiesadeadiane Tassdauds (Rigid Arch) azuaaviseynauaIndani

[ dgl = o % 1 = A <
dwdlawmaaiu 15un aeunsa virawan

o ¥ ' o =2 o -dld ¥ o ' o
1. nasAnTALLLFaiu (Vault) MN’]EIENM@\?WWINI@\?V@’]EI"] aunnsaiulu

2. nasAlALLUNIINgzLAN (Cylindrical Shell) H3UMsaARNauaIAITAS
ULUAARNY LANTINIARNNUUENANBUANKAA TN
3. NAIAN9NIAN (Dome) NAIAFLNTNAN B1AALNNTUANNITTNR AU
% A a = 1 o A o = a [3 = % [~3 aa dl a é{
AnvTedgNnEesiaiy visesinainAeunInidsuman viealassdaudaantn Inausaninauy
. — v
mNduratnsraslanazifluussanngenuaziluussnsndouanelnatugu
o = 9 = Y P a aAa X a
4. TANAT1ULLANARELTAN LALHA WTadn%ad  IeensaninatwluAda
A a % = 4 1 :’/
PINAINAAS AZADITI LTI A (Tension) N1
o ) = oy Al =2 A =y
5. TAT9AFIUHLUNY (Membranes) MN18D9IAT945 19NNz TVTDEA A9

LAYTRTAFNEIAINA

252 AafanIasalfAaladlAsIdsIa

[

Ineinlin s @aufassAa1AITNAae Az a1 ZN el 3 A5eall
- PIsFaLUUTY (Butt Joints) MiNneitiNqasianasAanAnTunsalTaniulned
o 1 =R o Y dl dl =) & v v o
fanand 1 ginsallianiusihientinessaansdnsaeiy
- N9FBLLUNILYEANIA (Overlapping Joints) MuN8fNqnsianesfaIng
ANNNIOFENILLLUABLHEN WiTanatauqasia luanien il
- pnsstauuidiniRed (Molded and Shaped Joints) uinefisqnsiadlfaan
LULAAAANTRLAat LAzIadlanantinuAg
=R o o Y 1 A [ | 1 a 1 on
gunanfin (Connector), Aaudtidasiavizaseasiodaguataaila 1My wymen
% = dl = U =3 al v 1 o 1 1 P~ o 1
adgninaen niameNviseldnintin luniengw)) desevizesessiaazueliiiu 3 uuy Assle
i
2521 dafauwuuuyy  (Pinned

Joints) nNNsedasavizasassaeanliadfanANNTas

slafiunyu (Rotate) sauqmsiald (Moment = 0) wsiazlieax T

Tesdemsnaausiallluiianigles 16 e
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2522 dasaluuLliisata

wUU (Rigid or Fixed Joints) nsneiedasesasassian .
1 4 & t#l o A 1 v [~1

Teanliesfanasndausinisenyuseuqasals 1y ™

. - &

dasanfnunulmudiasusangeyinuniianig

2.5.2.3 dapanuuaaLaa (Roller Joints) Miunsnsdasaneanlsd

'
oA

& 1 dl o ¥ dl a 4 ! 4 dl £ &
@Qﬂﬂ’]ﬂ’]?ﬁﬁ{u?‘ﬂﬂ’ﬂﬂ[ﬁl‘ﬂLL@Z@’]S\I’]‘EGLﬂ@ﬂuﬁ]Q1ﬂﬁuQWﬂﬂqﬂ 1ﬂLLﬂ dameniielFasAannis

v o A o dl al v ¥
ZQ’]N’]?Q%HUG]QM?@?IEI’]&IG]'JLu’ﬂqqqﬂ@'mﬁﬂuuiﬂ (g

ustumiimles l‘1J

unrAArRIAr

JdbruuuN
A =
S T

il

T wusinee) 2091ATNAENN (39 ua

/}5(1:‘;\ dl 4 ! o f
. }T‘:’h 317 2-12 uanstesanarsaesie

ANAN, 2545: 55)




2.5.3 @nilaanaiais

[ %

2531 daguuinauan  Jaguilaiaiaunlaiunisfnsalunu
dl = dl = o o ol/
fIAILANANINEINA(Control zone) Han wAMNTuaUINgININ WalFaumauiudaniia
Tl luntsieada i 83 Aeunsn “a4 winnssunegenAauiseuanasldnasanines
dntealunistfuaniwannuauiarguugil esanndanuisasnsaiasiuanimuandas
4 : vea o
neuaniilasuulasaenaguussldifuacinag
o o dl ¥ o [ ] [ =2 a o lel A o .
anuien I ddmindaudiueniAlunisdnenddeil Ae svuumtie Exterior
Insulation and Finish System (E.I.F.S.)

v o da/o o d” dl o % U
dornvevszuuniilugtuuuidwiunundiuennialdun
a 3| o % o OI dl a
o HarpenufluausugeinlinisznistfuenianigludniianFaume
Auanansi ldianneadwlnaialy
= £ o L2 dl o o o 4
e HunagrsdesinliArattivainiAiunisylunisrdnmainiounay

ANTUNZLaN I UNIAa1T 19T A

e  HuminlIRIAINITRTIEaANITS UL MTINYaelATeaT9adldNNnLH e
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Quadrilateral

General

A polygon (plane figure) with 4 angles and 4 sides.
Sides: a, b, ¢, d
Angles: A, B, C, D

Around the quadrilateral are a, A, b, B, ¢, C,

d, D, and back to a, in that order
Altitudes: h,, etc.

Diagonals: p = BD, g = AC, intersect at O

Angle between diagonals: theta

Perimeter: P

Semiperimeter: s
Area: K
Radius of circumscribed circle: R

Radius of inscribed circle: r

P=a+tb+c+d.

s = P/2 = (a+b+c+d)/2

A+ B+ C+D =2Piradians = 360
K = pq sin(theta)/2

K= (b2+d2—a2—02)tan(theta)/4

K= sqrt[4p2q2—(b2+d2—a2—02)2]/4

K = sqrt[(s-a)(s-b)(s-c)(s-d)-abcd
cos2([A+C]/2)]

(Bretschneider's Formula)
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Square

A quadrilateral with four right angles and all four sides of equal length.
a=b=c=d

A =B=C =D = Pi/2 radians = 90°
theta = Pi/2 radians = 90°

h,=a
p=q=asart(2)
P =4a
s=2a
K=a’

R =asqgrt(2)/2

r=al2

Rectangle

A quadrilateral with adjacent sides perpendicular (all four angles are therefore

right angles).

a=c,b=d.
A =B =C =D = Pi/2 radians = 90°

E C c
ha - b n'x .rp
n,=a s
p = g = sqrt(a’+b’) o

h '\\.‘LBI.I' d
theta = 2 arctan(a/b) o
P =2(a+b) h, :/ K\
s=a+hb : \

B | p\\

K=ab 5 . -

R=p/2= sqrt(az+b2)/2

r = minimum(a,b)/2
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Parallelogram
A quadrilateral with opposite sides parallel.
a=c,b=d
A=C,B=D

A + B = Pi radians = 180°
h, = b sin(A) = b cos(B-Pi/2)

h, = a sin(A) = a cos(B-Pi/2)

p= Sqrt[a2+b2-2ab cos(A)]
q = sqrtfa’+b"-2ab cos(B)]
p+q” = 2(a’+b)

theta = arccos([a’-b’1/pa)
P =2*(a+b)

s=a+b

K = ab sin(A) = ab sin(B) = bh, = pq sin(theta)/2

Rhombus

A parallelogram with all sides equal.

a=b=c=d

A=C,B=D

theta = Pi/2 radians =90°

A + B = Pj radians = 180°

h, = a sin(A) = a cos(B-Pi/2)

p = a sqrt[2-2 cos(A)]
g = a sqgrt[2-2 cos(B)]
P+’ = 4a’

P =4a

s=2a

K= a2sin(A) = a2sin(B) =ah, = pa/2
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Trapezoid, Trapezium

Kite

a parallel to ¢, m = (a+c)/2

A+ B =C + D = Piradians = 180°

P=a+b+c+d c o
-0,
K =h,m = h_(a+c)/2 L )
.-"';DH"'«.L_L%H
If a = c, the trapezoid is actually £ P H"W;.D
a

a parallelogram, so b = d, and
the height and area cannot be determined from a, b, ¢, and d alone. If a and ¢

are not equal, then

h’= (a+b—c+d)(-a+b+c+d)(a—b—c+d)(a+b-o-d)/[4(a—c)2].

a

If ha2 < 0, no trapezoid having those side lengths exists.

A quadrilateral with two pairs of distinct
adjacent sides equal in length.
a=b,c=d

theta = Pi/2 radians = 90°
OB=0D=p/2, 0A=h,0C=qg-h

h= sqrt(az—p2/4)
o< sqrt(az—p2/4) + sqrt(CQ—pz/4)

P = 2(a+c)
K= pg/2
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Triangle

A polygon (plane figure) with
3 angles and 3 sides.
Sides: a, b, ¢

Opposite angles: A, B, C

Altitudes: h_, h,, h,

Medians: m,, m_, m,

t

Angle bisectors: t_, t,, t.

Perimeter: P

Semiperimeter: s

Area: K

Radius of circumscribed circle: R

Radius of inscribed circle: r
Equilateral Triangle
A triangle with all three sides of equal length.

a=b=c.

A =B = C = Pi/3 radians = 60°

s =3a/2
K= a’sqrt(3)/4

h,=m, =t,=asqrt(3)/2

a a

R =asqrt(3)/3 medians altitudes
angle bisectors
r =asqrt(3)/6



127

Isosceles Triangle

A triangle with two sides of equal length.
a==c¢c

A=C

B + 2A = Pi radians = 180°

P=2a+b

s=a+b/2

K = b sqri(4a’-b)/4 = a” sin(B)/2 = ab sin(A)/2
h, = b sqrt(4a™b")/(2a) = a sin(B) = b sin(A)
m, = sqrt(a2+2b2)/2

t, = b sart(a[2a+b])/(a+b) = b sin(A)/sin(3A/2)
h,=m,=t,= sqrt(4az—b2)/2 = acos(B/2)

R = a’b/4K = a/[2 sin(A)] = b/[2 sin(B)]

r = K/s = b sqrt[(2a-b)/(2a+b)]/2

A C & b oA h
medians altitudes angle bisectors

Right Triangle

A triangle with one right angle.
C = A+ B = Pi/2 radians = 90°
c=a +b’

(Pythagorean Theorem)
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P=a+b+c B E
s = (a+tb+c)/2
K =ab/2
h,=b

h,=a

h. = ab/c

4 B C A b A b ¢

2 2
= + 3
m, = sqri(4b+a’)/2 medians altitudes angle bisectors

m, = sqrt(4az+b2)/2

m, =c/2

t, = 2bc cos(A/2)/(b+c) = sqrt[bc(1—a2/[b+c]2)]
t, = 2ac cos(B/2)/(a+c) = sqrt[ac(1—b2/[a+o]2)]
t. = ab sqart(2)/(a+b)

R=c/2

r=ab/(atb+c)=s-c

Scalene Triangle
A triangle with no two sides equal. (Note that the following formulas work with
all triangles, not just scalene triangles.)

P=a+b+c

s = (a+b+c)/2

& b
medians angle bisectors

C




K=ah,/2 =absin(C)/2 = a’ sin(B) sin(C)/[2 sin(A)] = sqrt[s(s-a)(s-b)(s-c)]
(Heron's or Hero's Formula)

h, = c sin(B) = b sin(C) = 2K/a

m, = sqrt(2b2+202—a2)/2

t, = 2bc cos(A/2)/(b+c) = sqrt[bc(1—a2/[b+c]2)]

R = abc/4K = a/[2 sin(A)] = b/[2 sin(B)] = ¢/[2 sin(C)]

r= 2K/P = K/s = sqrt[(s-a)(s-b)(s-c)/s] = ¢ sin(A/2)sin(B/2)/cos(C/2) =

ab sin(C)/(2 s) = (s-c)tan(C/2)

Regular Polygon

Number of sides, all equal length a: n

Number of interior angles, all equal measure beta: n
Central angle subtending one side: alpha
Perimeter: P

Area: K

Radius of circumscribed circle: R

Radius of inscribed circle: r

beta = Pi(n-2)/n radians = 180°(n-2)/n

alpha = 2 Pi/n radians = 360°/n

alpha + beta = Pi radians = 180°

P = na = 2nR sin(alpha/2)
K= na’ cot(alpha/2)/4

=nR’ sin(alpha)/2

A
A
P
-
@

=nr tan(alpha/2)

=na sqrt(4R2—a2)/4
R = a csc(alpha/2)/2
r = a cot(alpha/2)/2

a = 2r tan(alpha/2) = 2R sin(alpha/2)

129
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Ellipse

Semi-axes: a, b
Eccentricity: e = sqrt(az—bz)/a
Area: K

Circumference: C

K= Piab
C = 4aE, where E is an elliptic integral with k = e, which can be used to derive
the following formulas:

C =mn(a+b)[1 + X 14+ X164 + ...], where x = (a-b)/(a+Db)

C = m(a+b)(1 + 3x /10 + sqrt(4 - 3x))), approximately

Circle
All points on the circumference of a circle are equidistant from its center.
Radius: r
Diameter: d

Circumference: C

v

Area: K | |
£ ¢
d=2r p*
Uk /
C=2Pir=Pid

K=Pir=Pid/4

<

C =2 sqrt(Pi K)
K = C%4 Pi = Cr/2

Arc of a Circle
A curved portion of a circle.
Length: s
Central angle: theta (in radians),
alpha (in degrees)

s = r theta = r alpha Pi/180
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Segment of a Circle

Either of the two regions into which a secant or a chord cuts a circle.
Chord length: ¢

Height: h

Distance from center of circle to chord's
midpoint: d

Central angle: theta (in radians), alpha (in

degrees)

Area: K
Arc length: s
theta = 2 arccos(d/r) = 2 arctan(c/(2d)) = 2 arcsin(c/(2r))
h=r-d
¢ = 2 sqrt(r=d’) = 2r sin(theta/2) = 2d tan(theta/2) = 2 sqri{h(2r-h)]
d= sqrt(4r2—cz)/2 = r cos(theta/2) = c cot(theta/2)/2
K= r2[theta—sin(theta)]/2 = rzarccos([r—h]/r) - (r—h)sqrt(2rh—h2)
= r2arccos(d/r) -d sqrt(rz—dz)
theta = s/r

K= rz[s/r - sin(s/r)]/2

Sector of a Circle

The pie-shaped piece of a.circle 'cut out' by
two radii.

Central angle: theta (in radians), alpha (in
degrees)

Area: K

Arc length: s

K = r'theta/2 = r“alpha Pi/360

theta = s/r
K=rs/2

Available from: Drexel University, http://mathforum.org
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Rectangular Parallelepiped

A three-dimensional figure all of whose face angles are right angles, so all its

faces are rectangles and all its dihedral angles are right angles. (A dihedral angle is an

angle created by two intersecting planes.)

Cube

Edges: a, b, c
Diagonal: d

Volume: V

Total surface area (total area of all the

faces of the figure): T

d= sqrt(a2+b2+<:2)
T = 2(ab+ac+bc)
V =abc

Face diagonals sqrt(a2+b2), sqrt(a2+02), sqrt(b2+02)

A three-dimensional figure with six congruent square sides.

a=b=c
d =asgrt(3)
T=6a
V=a’

Face diagonal a sqrt(2)
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Prism

A polyhedron with two congruent, parallel bases that are polygons, and all
remaining faces parallelograms.

Height: h

Area of base: B

Length of lateral edge: |

Area of right section: A

Perimeter of right section: P

Lateral surface area: S

Volume: V
S=1IP
V=hB=IA

W e

A pyramid is a polyhedron of which one side, the base, is a polygon (not

Pyramid

necessarilya regular polygon), and all the rest are triangles sharing a common point, the
vertex.
A pyramid is regular if the base is a regular polygon and the other faces are

congruent isosceles triangles

Height: h

Area of base: B

Slant-height: s (regular-pyramid)

Perimeter of base: P

Lateral surface area: S

Volume: V

S = sP/2 (regular pyramid)

V =hB/3
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Square Pyramid

triangles.

The base is a square, and all triangular faces are congruent isosceles

Side of base: a
Other edges: b
Height: h

Slant height: s

Vertex angle of faces: alpha

Base angle of faces: theta

Base-to-face dihedral angle: beta

Face-to-face dihedral angle: phi

Lateral surface area: S

Total surface area (including base): T

Volume: V

a= sqrt[2(b2—h2)] =2 sqrt(b2—sz) = sqrt(sz—h2)

b= sqrt(h2+az/2) = sqrt(82+a2/4) = sqrt(2sz-h2)

h = sqrt(bz—aZ/Z) = sqrt(sz—a2/4) = sqrt(252—b2)

s = sqrt(b2-a2/4) = sqrt(h2+az/4) = sqr‘[[(b2+h2)/2]
theta = arccos(a/2b) = arcsin(s/b) = arctan(2s/a)
alpha = arccos(h2/b2) = arcsin(as/b2) = arctan(as/hz)
beta = arccos(a/2s) = arcsin(h/s) = arctan(2h/a)

phi-= arccos(—a2/432) = arcsin(bh/sZ) = arotan(—4bh/aZ)

S =2as
T =a(2s+a)
V=ah/3
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Circular Cylinder

A cylinder whose bases are circles. The line connecting the centers of the
bases is called the axis.

Height: h

Area of base: B

Length of lateral edge: |

Area of right section: A

Perimeter of right section: P

Lateral surface area: S

T
A

Total surface area: T

Volume: V
S=1IP

T=IP+2B
V=hB=IA

Right Circular Cylinder

A circular cylinder in which the axis is perpendicular to the bases. (If the axis of
a circular cylinder is_not perpendicular to the bases, it is called an oblique circular
cylinder.)

Height: h

Radius of base: r

Lateral surface area: S

Total surface area: T

Volume: V
S=2Pirh

T =2Pir(rt+h)
V =Pirh
A=B=Pir
P=2Pir

I=h
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Cone

A cone is a surface generated by a family of all lines through a given point (the
vertex) and passing through a curve in a plane (the directrix). More commonly, a cone
includes the solid enclosed by a cone and the plane of the directrix. The region of the
plane enclosed by the directrix is called a base of the cone. The perpendicular distance
from the vertex to the plane of the base is the height of the cone.

Height: h

Area of base: B

Volume: V -\
A

V = hB/3 \
Circular Cone -

center of the base to the vertex is called the axis of the circular cone.

A cone whose base is a circle. The line connecting the

Right Circular Cone

In a right circular cone, the axis is perpendicular to the base. (If the axis of a
circular cone is not perpendicular to the base, it is called an oblique circular cone.)

The length of any line segment connecting the vertex to the directrix is called
the slant height of the cone.

Height: h

Radius of base: r A

Slant height: s

Lateral surface area: S

Total surface area: T

Volume: V

B=Pir

s = sqrt[r2+h2]
S=Pirs

T =Pir(rts)
V = Pi rh/3
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A three-dimensional figure all planar cross-sections of which are either ellipses

or circles.

Semi-axes: a, b, c (the semi-axis is half the length of the axis, and corresponds

to the radius of a sphere)
Volume: V

V = (4 Pi/3)abc

Prolate Spheroid

Semi-axes: a, b, b (a > b)
Surface area: S
S = 2 Pi b(b+a arcsin[e]/e),

where e = sqrt(aZ—bz)/a

Oblate Spheroid

Semi-axes: a, b, b (a < b)

Surface area: S

S = 2 Pi b(b+a arcsinh[be/al/[be/a]),
where e = sqrt(bz—az)/b

Sphere

e
&
&

A three-dimensional figure with.all of its points equidistant from its center.

Radius: r

Diameter: d

Surface area: S
Volume: V
S=4Pir=Pid

V = (4 Pil3)F = (Pi/6)d’




Sector of a Sphere

The part of a sphere between two right circular cones that have a common
vertex at the center of the sphere, and a common axis. (The interior cone may have a
base with zero radius.)

Radius: r i
Height: h

Volume: V

S=2Pirh

V = (2 Pil3)r'h

Spherical Cap

The portion of a sphere cut off by a plane. If the height, the radius of the
sphere, and the radius of the base are equal: h = r (= r,), the figure is called a

hemisphere.

Radius of sphere: r
Radius of base: r,
Height: h
Surface area: S
Volume: V
4

r = (h*+r,%)/(2h)
S=2Pirh
V = (Pi/6)(3r,"+h")h

Segment and Zone of a Sphere

Segment: the portion of a sphere cut off by two
parallel planes.

Zone: the curved surface of a spherical segment
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Radius of sphere: r
Radii of bases: r, 1,
Height: h
Surface area: S
Volume: V
S=2Pirh

. 2 2 2
V = (Pi/6)(3r,"+3r, +h")h

Lune of a Sphere

The curved surface of the intersection of two hemispheres.
Radius: r

Central dihedral angle: theta (in radians), alpha (in degrees)
Surface area: S

Volume enclosed by the lune and the two planes: V
S = 2r’theta = (Pi/9O)r2aIpha

V = (2/3)r’theta = (Pi/270)r alpha

Available from: Drexel University, http://mathforum.org
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