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SIRAWIT UNGSATHAPORN: A Study of Weight Reduction for Restroom by Using
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PP-

This thesis represents the study of weight reduction for the restroom by using
fiber-reinforced mortar. Nowadays the precast restroom is widely used not only
reducing the construction time, cost, labor and material cost including but also well
controlling the construction quality. However the precast restroom still has some
limitations such as the weight of structure and taking too much time for installation.
The objective of this research is to find out the force in the wall during installation for
designing and reducing the wall dimension and use a new material such as fiber-
reinforced mortar. According to the fiber property, it can strengthen the wall structure.
Analyzing the restroom structure by using finite element method to know the stress in
the wall which leads to design for strengthen and reduce the weight of structure. This

procedure will obtain a new restroom which is lower weight and easily installation
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plslutun Utz dun TS USSR duLiadunINUMTNvaIf Lo

2. YuzvudLazlendny

3. YUESUIMUNUTINNDSS

2.5 Uwuunsvudeiesindgnsagy

Tunsvuineuazfnaaieaidnsagu[l] dmsuisnisaudetuaunsavilavareguuuy
Aastaluil
1. msvudreenidniaguimenisaennumanlalasiaiiaiesiiuairiinisend

Usnuminununsenilassasisieainlaense (lifting beam)[1] Aagufl 2.5

U7 2.5 wansguiuunisentiosdndnsagusieniuman

2. myvudnerenhdniagumenisldatemulunisen (lfting belt1] dagui 2.6

JUT 2.6 wansguuunseniesindnsaguieaneniu



2.6 WIMNIMIBBNUKUURTIABUNTAA13A3US19B 1R 1NIAIgIU ACI 318

NUINTEIY ACI 318[7] nilsmounInd5agUagiesausnfunssnaginnseinse
HidlaTnasatosrudlubILnuLa I IINLTNg

2.6.1 TOAINUANITLESULEN

1. MetEsuwanluwuif Avuslidaaiuserinslsunamdnasulutudsentndnnaunis
Ao p,
1. 0.0012 dwSunandeses vualiiu 16 wi. way fy lidsenin 420 MPa

2. 0.0015 &msumandesoeauinaue

2. MaEsUAN UL UIUDY MuAlidRdIUsENIaUS U amanEsul UL nNge
ARUNIARE P,
1. 0.0020 dwsumandedes vualiiu 16 uu. way fy Lideunin 420 MPa

2. 0.0025 &msumandesoeauinaue

::44:1' v a o @ 1 % £y} 3.; Ya 4 a a <@
3. nIANTIARUNIRANTIFUNUINTT 250 wyl. eniunstulafy agaeelinsiaTumaniy
NNAANI
q
4. WANATUMADILLY A2Aaediszazvingluiiu 3 wihueenils wseliiAu 450 uy.

< a SV 1o & a W < | v o | . < ~ &
5. wianasuluwusslisndunuvaidniumannaiineaonsiaiuusuasnansasulukuie

furindmeaunssliiiu 0.01 usensanlulaldmaniasulunuls

2.6.2 NM30BNLUUAILENTOELIY

1. dmsunireunindnseguiinthdndudeniuin fvualiusaiinnseyh sulsenaume
LseAutaviSansuERagudRe P, dmsuniseeniuusiiggnIeteieiiy P, fiinseiinvedes

L4 1 & ! U o U <1 o b4 U U ‘:"I
URYNIMMIDMNAUAAISULSIIULLILAY P, Famuaulaanaunisaanalul

2

K
P =055 f' A|1—| —
32h

a7 k nIoAueIUTEanEHa dA1 0.8 nsdindn1sdnsenuladuileresnis @runsaldue

Hulumusudt 2.4 way @ 1Dulumugui 2.7
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0.6 T T

0.5 4

044

03 =+ i
f. = 28 MPa
eccentricity = h/6

02 =

0.1 4

-
-
| - ~
-~

_Strength by Seciion 14.4 Section 14.4 _A

0 ] 10 , 15 20 25

»~

0.90

0.75 F

-0.002)(250/3
0.65 (& ) )

Compression Tension
controlled — _|. Transiton | controlled

! £,=0.002 £ = 0.005

c_ c_
o 0.600 d 0.375

Interpolation on c¢/d;: Spiral ¢ = 0.75+0.15[(1/c/d)- (5/3)]
Other ¢ = 0.65+0.25[(1/c/d;)- (5/3)]

JUN 2.8 nsmlaudusiusen @

2. formuavaspnumnvemtineunindusaguieanuuuiegnsogieiig
1. dwsuntsdudmiin (Bearing Wall) ldaisuuntesnin 100 wal.

2. @ wmsundsldfunieuan (Exterior Baserment Wall) laiaastiasnin 190 wy.
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2.7 WM IBanuuURIIABuNInd115a3US198991nunsg1u ACI 533

dmsunsn1seenuuURTInauNInd 153U NIATEIN ACT 533[8] A¥TATNNIY

#anNNsAIRalull

2.7.1 wsanlglunseanuuu

v = °o @ v ¥ o w 1 &
HiIpauNIndsagUasdesaIsaf UL INTEYAswa LUl
1. usafinaINNIsNINAIveIFINTBISU NMSIARBUMAINNITAVLAZNITNAFY SINTIIHG
a a = o v

PNMUdguLaUnYll Larnsdnsavedasaasng

2. USIMAATURINNISARATIE N1TENVULIY N15UUAT N1INTEUNN WINTNUTITYNAE
UINATNUTINNDT FIUNIUSITUAUT VDAY WI98U wazsINLEUALN

3. ANUAULAZLIIN T ITARTUUTIINTBEHD

4. usaniinangaumginivdsuwlasly aznisivdsunlaswesUsunsveaniiinaunin

g5y esangusesiuvedasaing

2.7.2 dNNMEAIUNT LT
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(Y

Tnenalluwsaninge °wa’mL.Lazsuu’mﬁ'umﬁmmm%mﬁwL%ﬁ]gﬂﬁﬁqwaiﬁt,ﬁmmit,l,éuﬁa

4 -] v v

ABINUINITU FINTIADINTUTUTDIVBY AUAT NITATTUNA ATUANSTI UazAIY

TafesnIneie

2.7.2.1 msugusavesslinounina nsogy

Tuanznslaauass mméué’wmmﬁmam‘%mﬁwL%ﬁ]gﬂvl,zimil,ﬁumé’mﬁ’mﬁ 2.2

15197 2.2 uansrn1susuiifeeuldvosmiinounind1sagy

UseLNNU99TUEIY ANNNSLAURINABININTUN ANNSHEURINe LT
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NIAIUNIANADELSANFBISU | hoUMTUALaTiNaYeInNISon | L/240 wikiiiu 20 Uy,
59 LSIVDIABDUNIA FINDIUINLA
UTINNASA hagdmtinussnn

LNLLRLAIN

WAUAINUNLLDIINNAVD Y | L/480 webaiiiy 20 wil.

UMINUTINNIS
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2.9 duleduns1ei (Synthetic fibers)

wWuloduasizn[10] dmsunulassedsdudouldifieannisuandnuseinnuada (shrinkage
crack) Tngtaniglulassadrefiu d99g918aan15unn311UsELANUARILUUNAIEAN LA

wennildahieiiunuandinisiusesdaviunazaumiedladnme

2.9.1 Mimuausasuanvasduludunsies

% v O & = I a8 =
A15LANSIUTEANUARITY LWUSBEWANTUIAEN waztdusaswnndblainaue 39811150
VaunUulugenouninene 24 FIlugisn waeRInyiinsvas 89 n1sunninUssnvnadinu
ey 2 ¥inAe

1. NISHANSNUSANTIFILUUNAIEARN ALAATUNDUNADUNTHILSULTIF

2. MISHANINUTLLANVAFILUULA ALLDATUNEIDINABUNIALSULTIFIAE
= v & o a = & P ' a =
Fansunniuszani auvgmaniinainnisagdsanurunigluaauninseninenaeunis
SUNAUIAIA N5EaNS1IUTEANTazllAetu MnlusenInavauIndsadnaunsnuulul

nsIATIlae

2.9.2 auantanuduguenduledunsien

1. WinAEudRnIInuAaLsINTELNNUeIABunsn (Ussunal 10 - 50 Wesidus)
WupauaudRnsiusesdatiu (Ussuna 20 - 52 Wesidus)

anAuaURANMSTUNIY (Uszanay 33 - 45 Wosidus)

Sl

LAt Useunm 15 Wosidud)

6

2.9.3 Ysznnvaadulodinsieu

1. Iwadlwswau (Polypropylene) Lﬁuﬂjﬁmﬁﬁaﬂﬁmﬂﬁqmiuﬂauﬂ%wamLa%ﬁ] Taguun
fifisuthanldanazegiienueniussam % fs 2% th Taduleduaneiussaning
Tnsfidu Suuneendu 2 Uszande 1. Fibrillated 2. Monofilament d3Uszwamndi
Jouiunldlusnunounindudsenn Monofilament issanlifinsdnfannduly
Fauuduuning (Cement Matrix) Wiawflsufuidn Fibrillated Sadloviniswanasiu

AOUNIAITNISWeNsanusyIadulufegUn 2.4
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= P
sUN 2.9 wansdulelndnsafaudsenn Fibrillated (418)

Y

nswausaiuseIdulevusnanlunounIa (93)

2. Indanes (Polyester) drusuidulelndiogimesasiiiosussianifeife
Monofilament Bsuwadithuldmnuazaglugag % fa 2 th 5SS

3. luasu (Nylon) wuteadulndteames tduleluasuiiioslszinnifenie
Monofilament suaiithanldsueglugas % s 2 i dnsuduleluaeuiuesd
anuautRsaiudulelndlnsfiau waslndioames nanfe wWethlunaluaounin
wuifsenedifursunInfe daandnaessuiailivhuffzeiaiiurzdmaluud
Banasgaiien duiunsiluldnusgramnzandauusilildluzanaldi 1

pound/yard® ietstasumaslunsuninlauneiiuiduloduasziviindue

2.9.4 nmsiduleduasigldlvluanuasunis

1. UNANADUNTA
dulsduasgianunsaldadlundouiuiiuuaznieliias Tneifupssuimuainlunstu
way Aslianegetion 3-7 unit Wielhdulodunseinszansetahianeviaianeunds
91989UNINTFIU ASTM C 94

2. MSABUNTA
Heosannisinduleduasiziunanlunsuninavdmaliniiuaiuisalunisviiey
(Workability) anas sietfunsiinsldanswaiiiusmanaisanin wie superplasticizer vl
AeunInaLsavhaula ATy

3. duleduaseiiuanuereunindusagy
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mainduledaaszilunuesunindiiagusztaiumausdnlutineunineiydos

72U UNTEANS1ITENININTVUE 8D NAE
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unN 3

a [

= aa
TLUYUITIY

Tuuniazndnndsdunsuemualunisnaaey Tnevinisisaunazuy sduneu
nsAnwnudteesnilutmunadiuldun drunsnie nsAnwiumnsazidonsiodadi
wzay dufiaesie vhnsiesgimanuduiintuiulassadatesiiluamenisen
diefadanieluoansdeseidouiinsdludiedinudsuazinludnmseoniuudndiunas
wosmsasuduledadudiuveddasaimidsiivislunssunssdnanlasasman @
flanufe manaaounuantRLarUsransamlunisiuusadnavesnedmiiaiuduloiiels

Iodnaunauiimunzauuinisldanu wavanyiefe Mssenwuulasaiaviod

3.1 ANWILUINIALLADNAIDE1MNUITEHY

IINNITANBILBLNUNIUIUITY AR UINISIUNSIE DN TnvealASIas19nTiAIY
< P o A ' v = [ o A o Py % <
w959 wazdundnMmuisausani1svudne F9lasaas19naniidsntd AolASIASINUan
Wasanddwminiiun waziaeduussiaiaeugannweazuussiiiniuainiminues
TAT9as1919vue wananiiludiuvesiivestn Wenliduuasesiasuidule etielunis

(Y] | A a g | a og.’/ 5 r-:’llcu a Y a A < = a
FULSIU9AIUTLNRTUTIUTENININTINAAAT NIREITUDRLUSDIUDIAULTILTILALAULEE
dmiulassafioieninluaiddelagivwinaiundne 1.5 Wes 817 1.8 AT uazgs 3 ng

Flaguit 3.1

0.32,,0.45

\ I : = - | /ﬂ
S f ool "l.
I"‘-'.‘_:‘Z', v v%;‘l E

1 [

JUT 3.1 wansvunnvesieatdnsagy
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dipvihnsidendanlduaidevihnsiansaniassaiisluvae nsussanseyiluiuine Inowsed
UUATUNUTENBUMEY WSIUMTNUIINNAIN way wsadmtnussynasiduiy Taenly

fiansnusanszriaud Wesn lusswinnisfadaiosidnsaguass anaduvaeiay

au lngguuuutunaunsinwiduluamugud 3.2

ANWIMAZNUNIUNG B TINEITD4

|

Anwguwuunsenidululivay

AdEUAn1TTULT IR vR LY

|

nseikareaniuuiesdidnsagy

s seiaunnluALea LU

'

M nadauAELTRA14Y)
yasuasiasuduleliaonndaiy

A5Lg9u

'

pankuUlAsIAsI9IDL

'

= L4
ATUNaNITIATIZY

JUN 3.2 uansguuuudunaun1sine
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3.2 myssuuuiassissindniaguiedssadsunismalnludieduuduazaanuuy

[

nauNENNDIANSIES U T

3.2.1 wuudaeaiosidnsagy

dnsunisasrauudasdlualuanuide audunisdtasdassaiiwioanin Ingasnau
WielinTeinaresiinvulusEnInnMsenuaznsinfiestdsagu Fauuudiaed
o ¥ o & Yy o & P a <
nOIUIENIIFY %Uszﬂaulﬂmma@mwm 2 YUAAD ADUNIA LAZLRANFUNIIL N9

AALALATIAS1998Y NIRRT UTNTY SAP2000 Tneia1saunlulsaauean1ssumss

= =

mmiﬂsqa%’wﬁu“;lumﬁﬂgﬂwsim wazntamaunTs azdudiundesiietusuinmen Weein
nveainazyitnisneasalaeisundauuliiasiuznszidosnnuuld ntuaumdn

wuluniidaiulassasiandngunssa wasviinisautugunila fegui 3.3

Tile

Top View

Formwork

Rebar

U7 3.3 uansnisneadraiaionidnsagy
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[

ATUUTENBUNIEY
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FA5INL
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1

1. dinanesi %158 UIUNUBIlASIAS19Le9
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o Y

2. wwiinussynasfiduiiy dside W

ludiuvensuilosavauinimiiaglu
ol

lagen9dennu wennidsiesiansanludiuvesgiiuunisvudievesioninsiunie lneilsn
wlsiiresdnuAe
1. fAdssuusavesneunin fc

2. Usunauaule

dmfumsieseiselusunsy SAP2000 tuasvhnsinssiinedeiiiduneunin
sssunlaeitlifinisldiduleadly nanfe idendiasgiifograiuianussian isotropic lng
SuusaiAnduanussTinadnad

mssraedasiaieazuteanidu 3 dulngq fe Ludmeunin 2lasunsumdn 3.4

AouNsn lngusazlassasnazgnasslneyinvadeduudnuanseiu miinauninlzgnaina
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LY

Taeld shell element vilpsanuiadudiruidesrrelassasrananlunissuluglranisen
RDITRS

hell element F4¥3aNNILLADNUITIADINGANTTU 131237 shell element Hua
FUWSNY in plane war out of plane lasulsuninazgnasielagld frame element uaw
HupaUNINITgnaselagly membrane element I1UIUVBIANINDATENTATOUN (degree
I ] Y] a a ¢ ag v ° Y ° I3
of freedom) AvzuanasiunINTiaUeedNUANLY Tun1sdasslassasisazdiaoaiu

sUuuUadf Wefsranusainssiuaziiuttginssuvedlassaddldmioudulasaing
[FuNga MNTUTUINTATIUUUTIARY AIFUN 3.4
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EU‘VI 3.4 LLa@IQaﬂ‘i‘ﬁu:ﬁLLUUQW@@QIﬂiQﬁTNW@Qu’]WU853LUUUrJﬁVHQ"LW‘luG\L@aLQJUW



21

FITWUNMUAUNUIALNAINTIN 3.1

A15N7 3.1 wansiumiagnenidwaliiinanunugeganislulasasie

RVRMVERETTE pUTGIEK IR IRA I g

49

v
U U

e luudlunisfinns azdesen 4 mieaiuUaends wiiiasan nsdidusiiudy
Weean ntheuase veestaunudnIzadesmnaisliasunndwmns dmsuns 2 nsdiag
Wenfiasandunidanviliiinanuauasaanislulaseaing uazdnvaenisonagdniun
Ju 2 Usziav 1. wuuwwin1senyiiygy 90 a9mAULWINI 2. WUUKLINISENYIYY 60 D961
UL IS

= da & % o Y = o = o =
Wensunsaiinduaslulassadrmdaaidevinisideniazeanuuudndl unaud

WLNZAUADNTTULSITLARTUAITD0A LU
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3.2.2 NN59DNWUUAIUNENVRINBSAILES L EUTY

YMNN59DNWUUARAIUNALVBINBSANSESUEULEL D I danAaRINUNISSULSITLANTY

Tundaviagn

3.3 MnageuauaNlRvasmainsidsudulouasuseansnmnisiunsadena

3.3.1 MnaaeuAaNUAvoainsasudule

Tunsidendndiunauvetesmiiasuduleiunzaudmsunsneasiaionidnsagutuay

o0 = = wva o ! d’l
Ailsfsnaandacaialuil

3.3.1.1 AIIUFIUNIUUTION

° o v ¢ v I aa ) a a v ° Y N
aqﬂiUﬂ@uQﬂUqﬂﬂﬁnaEJ'NV]@JE]']EJ 28 U UM 50 UaALUAT 3 AU NINIINAFDU @QEU‘W

35

JUN 3.5 NMInaauMATULTIdnveiBugnUIARfIaLns
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& YV v o

FenaugnuIAiAeedim wadslidesnineenisen 3.2

.=4' o o
HITNN 3.2 AIUATUNTULLIIDA

U52L09 AMAISULSIDANINNUA (MINENIEAR)
QIUNTND 2.5
a =
QNURIADUNTA 5

33.1.2 ﬁ??i/éjﬁ/if? (Water retention)

resguinlivesnindesar 75 lnudmualvdainisivaudilosdu 110+5 lngg19dny
1IMIFIU ASTM C1506[3] Inen1svaaeudissioluil

TunpULIN vin1snadeuANTsivausvesesansiasuduleneuldinios suction AsgUN 3.6

JUT 3.6 MsnaaeuAnIsivauivesainnsiasudule

(%
v

a ° ¢ s a v P Y | a . Y] a
VUNDUNADI u’]llaﬁm’ﬁl;aﬁllLﬁ‘LﬂEJW‘V]@ﬁ@Uﬂ'ﬁIV]aLLNLLa'ﬂ,ﬁa\ﬂ,Ulﬁiaﬂ suction WQE‘U‘V] 3.7

WBAIEI9DNANNUDIANS $INNNSTUNAIUTEU 60 A9
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a a . ° ) v 3 ¢ s a P
Eﬂ‘V] 3.7 LAY suction a']'Vﬁ'U'V]ﬂa@'Uﬂ'ﬁ@qllu’]sﬂaﬂllaim'ﬁluﬁillLﬁuGLEJ

FUADUNAIY VINN1SNAFBUAINIT IMavaILDsAstasuLaulendanis suction HnASs

3.3.1.3 s28/21981n1309873 (Setting time)

Aosiszazatlitosndt 60 Wil Ined19BnuuInggIu ASTM C807[4] Tnen1svadaey

Flaguil 3.8

I 1 o .1 s a ¥
E‘UVI 3.8 MINAFDUNITNEAITDILDIMISIEsILEULY



25

Fanuaniinnardunuaudinfvesesansdmsvau Wewinlumsneasness axly

TIN5y teantunaulunsNoas19ad

3.3.2 ANSNAABUUITLANTAINAITSULSUTINA

ludiuveimsTunsuenavedlasaing Feasiindulusenitnsvudeuasinas o
du5agudsaunsofunssiiinanuminvedasiaiiuessiulufainussmnes wag Wmin
N - 1% S o & v T da a & v e & <
UsINAsAdIuAY esnvesddusasuiluvesiniin1sindsguium nssilos Wud

BYUSDULAD

3.3.2.1 JUUUUMINAFOUNITTULTUTING

[ a

Tumsmaaouiiiomidasunsadenalulassairondsdnsasy asnaaeusmeisnng
Flexural Strength Test[11] %3938n15MAdaun1sTULIIAeAETANISTULS AR Taeviing
JuiinA15eninaunsafinsesin o Aenaneay wag YuInveIsesRAnUIIMTaan1y (Crack
Opening) Imaﬁqﬂnmﬁﬁﬁaﬂdﬁ Clip gage éﬁ’agﬂ‘ﬁ 3.9 ntuhA g g sumudumiug

Winn lumussReniindusaly

JUN 3.9 gunsaldwmsuinvuinvessesunn (Clip gage)

9

Anualidiegrsdmsunaaeuiuaiuauin 100x100x500 dadiuns Aeguil 3.10 lag

o o a a o i Yo o a v -
VI@ﬁ@Uﬂ']aﬂVlﬂ@“lJﬂim@qq 28 U I@HUﬁJﬁlﬂﬂqaﬁﬂa‘Uﬂim@'}ﬂuq
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JUN 3.10 YW InvBIiIag9AIUNAaBY 100x100x500 Jadiuns

3.3.2.2 MIOSYUH 108N

N3M3ENAIRE T lUdIUYRINTHANRAE NFRNINAIEYI LuRsUURNTN1ATY)
ly51 AEdmNTIUAans Pansaluninends lngldinTemaunsuninuuin 1.2 gnuian

RS é’fagﬂw‘?‘i 3.11

JUT 3.11 |ATINANABUNTATWIA 1.2 gNUIANLINS

LAZYININISUIN Notch YUA 1 LYURLUAT £ G‘\’WLmﬁﬂéfﬂmﬁquﬁ 3.12

F

10 9l

AL T B ) ik

.-"f_\n & 10 W,

N 0.

JUN 3.12 uanasumnia notch nldany
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3.3.2.3 N159n8uASNlea Msunnaay

° ) a & A A o & o 1 a
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0.35 1:1 1.5 336
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M13NN 4.7 HANINAFBUNITONUIVRINDINNTAMTUAY

AMITIAUNADUATS | AN IAAUATREINTS % ratio
suction (lwuURAWAT) | suction (LWURLLIAT)
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M35-2-2.75% 20.75 15.5 4.7
OPC-1 21.5 16.5 16.7
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4.2.2 ANSNAFBUNITIULSINAVLasASLasudule

NNsNaaavuasansiasuiduleNUsInadulownnaneiu wazwuuluasudule 9

W/C winftu 0.35 Tnefiansanfinsenssyiniuauineesesusan (crack opening) WUIlanana

a

Un 4.2

1.00% eeeeeee150% =----2.00%

— - —Plain

6000

5000

4000

3000

Load (N)

2000

1000

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Opening Crack (mm)

JUN 4.2 ANUAURUETENI SRR UYL AYDITREUAN

a vy & 1 A o a a P | v ¢ &
NNFUN 4.2 nandliiiuinflievinsiiudsinadulsazdmalinuiesasiiany
a g -dl -dl a d‘ 6 a“:l' 1 a % -d' [ Y ¥
WitenunTu iasanndlafansaniuasasnliiasuduly WamuaIuIsaSuLsInn ke
UNTENIVUINTBULANTLARTUUSIUIANBIAU (Tension Zone) TAwiniu 0.04 mm
TneUszanad AuLesansNlEsuEuledwinnsIUR e e Turaznauuasasiasudulen
Usinadulesneg Sanunsanagsuusmalule Sauansliiuin nsesudulolndlnsiaud
\ P o A a ¥ < ' o o v ]
HastaAweIvesian Ineanen Usunanduly 2% awiudl anunsasuusadinlagandang
wuulyldidulowasuuuldiduly Jsaguladn Usunavesdulalndlnsiiau dnansanumiled

VOLIER WA MAITULIIAR

4.2.3 MTAATILALUUGDUNGU

dietman1svegaunlauinssilaeIsuuudounauls] Wioagulednyuznginssy
A155ULIINIVDINDIANSLASULALLENRIDINTNNTBYS1IWENVBIATULBSASHUS I ULTIEU

[ ) = aa L4 w1 dy
WUUTIADINTTSULSINTILAS 1Tl neRBInsIuARIRa Uil



37

2/3

ffctm,ax =03- (ffck)

e fu= 35 N/mm2

v gj 2 4" o w o =2
MUY f o= 32 N/mm® ¥io 32 ksc @efRemdsiuusefiegean
W, =12 mm &A1 1.2 mm duinainanugnveddiuesinglnsiiay

1YBNAINNTILADIWINNTAUNFAT 2 ANsana Ul

J v W07 dmsunadansitliesudulovaziatudule 19 iy 10 kse Usanandy
Ty 1.5% windu 12 ksc wag USunauduly 2% windu 13 ksc

w aundensaelul wosmiildetudulowasiasudule 1.5% azviiu 0.1 mm Y3unal
Wule 1% g9 0.06 mm wag Usinanduly 2% Wiy 0.2 mm

o A Y @ ' v o § v Y U v fV Yo d‘
ﬁaﬂﬁ]’]ﬂﬂiﬂﬂ’]@ﬂﬂaqjuaj f\]wl’ﬂ‘wmll’liﬂﬁi”mmmamwuﬁ 1@@\‘131]‘1/] 4.3

Ot IN/mm?|

ffctm.ax

ffctm,cq,bil s

2
Y0 w [mm]

“’C

JUN 4.3 Auduiussenin s afauasuuInueesesuanlanInnsias e ikuugaundu

dnsutusoussluidudunounisauuiaswolul vunsesanlusunIsSuLSIRe 3 .
notcl

= = ¥ [ [y a a [y [ [ r-:l'
LAENISLAABUNIUANUS UL ION 5 Ifﬂﬂﬁllll@lWi]G]ﬂiillﬂ?ii‘ULLN“UENFI’]ULU‘L!@QEUV] 4.4
c



38

FAAAAN A
P » AAsas M
JVWWV______
v B
A e PYVVYVH
h VAV
| o]
€ ¢ fi} AN

U 4.4 WeRANIINNITFULTINAYDIALY

Y

TngAUNSULSIRALUETDUTANUUSENBUAENUY 2 d3U WardnsItuAeaUSITaayinlnls
ANUEUTUEAISUN 4.5

&

: --------- » 3 [mm]

\J 2 Anotch

JUN 4.5 Auaiiouvagyininissuusasn

Taglunissuusadn 1 A1 azynlalaanudunussenInem & _uay O 1 Baazdewih
Notci C

Y 1

nsaesiinaesgn (Trial & Error) aun3Wse N MAnfuluausavgidnden 0 lnsanuduiusy

Y

Ieaziludagui 4.6



39

45 N
| ;

55
7|
65—
7
75
ot
85
ol

U 4.6 pmidiitussning & ueg O
notc c

Lﬁ@iﬁﬂamuﬁuﬁﬂéﬁhgﬂﬁ'46 NTT e O we villanasaunss N wihiu 0
ﬂé’U”L‘LJmLm'ﬁﬂiw‘muﬂmﬁﬁmmmmé’uﬁuéﬁqgﬂﬁ 4.3 gy lilansmAuduRus
FEMINUTINTLIDZVUIATOUUAN mmfuﬁmhmmé’uﬁuﬁ‘ﬁmwmwaaummgﬂﬁaﬂmami
WHaRsEINuAlEns vesAETUSAlE NN See UL 1) was
aruduRusldnuuudaesmeani 2) lneendregraduamunageuriinaSudule

Usuad 1% ﬁqguﬁ a.7

1% Fiber

4500
4000
3500
3000
2500
2000 9
1500
1000
500

Load (kg)

0.00 0.20 0.40 0.60 0.80 1.00 1.20
Opening Crack (mm)

JUT 4.7 JURounTIAARUAIHNYNABIYRIANHANTUSAIINLUUIIRY

Y



40

TAgNMNNUNLANS LA ULANA LAY 10% 980977 NSINANUAUNUSTEUIN

LIIAIUAEUUINVRITREUANTILAAINTE N TIATIEikULEBUNdUTIugNAaY lagaylans

ANUAUNUSTEU I TIPILAEVUINTDULANVDIANUAIDE 1N IwUULES U EUlakaz luasuEuTe

(% ]

mgﬂvﬁ 4.8

w
(2]

N w
i o
e .
g
-

)
2 |'-
» v
o 20 |k \
& FE
FRECE R
z LT
CR i e,

5 BRI

Ly I
— "*.'.&“
0 =,
0 0.2 0.4 0.6 0.8 1 1.2
Opening Crack (cm)
-« = 2%Fiber  eeecccces 1.5% Fiber === == 1% Fiber == Plain Mortar

JUN 4.8 AUAUTUS SIS ZUNINTRULANTDIATUAIBE NN LFANNITIATIEN

a 3 oA a a £ 2/ X 1 1 o (Y] =2
f\]’]ﬂE‘U‘VI 4.8 "i]%L‘Viu’?l’]LlIEJLW%JUiﬂJ’]EULﬁUIEﬂ‘IﬁQQ“UU"\]%ﬁQNﬁﬁ]@LLUUﬁ]’]@@Qﬂ’ﬁi‘ULLNW\‘]

s § a v Y] ¢ vad oo v - = =
6{]@\7?]']141]@5@’]5[,3511Lﬁlﬂﬁa%ﬂiqgﬂ Iﬂuwuﬂmﬂi’lv\lmmu FINUUOY AITUAITULAULD

(toughness) fiAgetu IneUSunanduly 2% azlviunlansngegn damnsnei 4.8

a & dg v ° a ) = s s
M99 4.9 Wum(ﬂﬂﬁqwLLUUQW@@QWQ@ﬂii@JﬂWiﬁULLﬁﬂﬂﬂﬂJaﬂﬂquuaimqi

Nuitlgnsm
Plain Mortar 0.48
1% 6.81
1.5% 8.62
2% 10.805




41

4.3 nseanuuulassadeiesdniagy

Waviniseanwuulaeldluswnsy SAP2000 v lrlauuinnindnlassasianiuaIy
o [ o 1 . < v dy
WLgauE@mSUATINTAUIMAzLanstudIuTes Appendix) ussolull

4.3.1 1AS9E5 19 @ AT ANY

[

Tassasrananiidonltazidulassadnaundn dasud 4.9 Wesanduimdniiuiaz sy

Y

w3IPlAARUTNA dmSulawazAUIEldANIASEUILIANTINGA H 100X50 WURLLIAT

JUT 4.9 uansdnuazlassasnmdnvesieaidniogy



4.3.2 TAS9a519NU

dwsulassasniiuagldvunantdanagui 4.10

RE3@0.15 ——— FRES@0.15
RES@0.175 RBES@0.175
[ L [
L] T T ¢_ Il T T
0.1 ¥ I | M M 2 5 = 2 M ¢ H | I
I
|_ RE3@0.175
RES@0.15
0.38 {L/4) 0.38 (L/4)
- 1!% -
Short Span
RES@0.175 —— RBS@D.175
[ RBS@0.15 RB3@0.15
Il f
[ 1z I z M
0.1 L I L L L L LT 4 ;p: L L L L 1 I
— RES@0.15
RES@0.175
0.45 (L/4) 0.45 (Lf4)
- llﬂﬂ .
Long Span

JUT 4.10 wansdnwazlassadeiiuiasiuniansatuman

a2



43
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Item Value
1 |Design Code AISC 360-10
2 | Mult-Respense Caze Design Envelopes
3 |Framing Type SMF
4 | Seizmic Design Category (]
& |Impertance Factor 1.
& |Dezign System Rho 1.
7 |Design System Sds 0.5
& |Design System R 8.
9 |De=sign System Omegal 3.
10 |Design System Cd 55
11 | De=ign Provision LRFD
12 | Analysis Method Direct Analysis
13 |Second Order Method General 2nd Order
14 |Stiffness Reduction Method Tau-b Fixed
15 |Phi{Bending) 0.9
16 | Phi{Compression) 0.8
17 | Phi(Tension-Yielding) 0.8
18 |Phi(Tenzion-Fracture) 0.75
19 |Phi(Shear) 0.9
20 |Phi(Shear-Short Webed Rolled I} 1.
21 |Phi(Torsion}) 0.9
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 4 X Mid: 0.000 Combo: 1.2 X Lift Design Type: Column
Length: 2.500 Y Mid: 0.000 Shape: H 100X100 Frame Type: SMF
Loc :1.550 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.004 AlphaPr/Pe=0.005
Tau_b=1.000

EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 S$33=7.381E-05  Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 522=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54  Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Pu Mu33 Mu22 Vu2 Vu3 Tu

-204.593 | -6.58 -0.087 -4.692 2222 0.002




PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.007 = 0.004 + 0.003 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 1.659
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -204.59 | 28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment -6.58 1917.666 | 1917.666
Minor Moment | -0.087 928.4
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity | Ratio Check
Major Shear | 4.692 |8200.604 | 0.001 OK
Minor Shear | 2222 |21868.28 0 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 2 X Mid: 1.500 Combo: 1.2 X Lift Design Type: Column
Length: 2.500 Y Mid: 0.000 Shape: H 100X100 Frame Type: SMF
Loc :0.000 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.052 AlphaPr/Pe=0.065 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 $33=7.381E-05  Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 $22=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 2785.773 | -13.871 -7.345 -5347 | -31.689 | 8.53E-04

PMM DEMAND/CAPACITY RATIO  (H1.2,H1-1b)
D/C Ratio:  0.044 = 0.029 + 0.007 + 0.008
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Mu phi*Mn | phi*Mn

Moment | Capacity | No LTB

Major Moment | -13.871 | 1917.666 | 1917.666

Minor Moment -7.345 928.4

SHEAR CHECK

Vu phi*Vn Stress Status

Force | Capacity Ratio Check
Major Shear 5347 | 8200.604| 0.001 OK
Minor Shear | 31.689 |21868.28| 0.001 OK

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Lltb Kltb Cb

LTB 1 1 3.039
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | 2785.77 | 28533.6 | 47928
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 6 X Mid: 0.000  Combo: 1.2 X Lift Design Type: Column
Length: 2.500 Y Mid: 1.800  Shape: H 100X100 Frame Type: SMF
Loc :2500 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=7E-05 AlphaPr/Pe=8E-05 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 S33=7.381E-05 Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 522=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

2.5 -3.599 0.266 0.401 -5.388 -2.865 | 4.59E-04

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio:  0.000 = 0.000 + 0.000 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 1.451
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial -3.599 |[28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment 0.266 1917.666 | 1917.666
Minor Moment | 0.401 928.4
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 5.388 [ 8200.604  0.001 OK
Minor Shear 2.865 | 21868.28 0 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 10 X Mid: 1.500 Combo: 1.2 X Lift Design Type: Column
Length: 2.500 Y Mid: 1.800 Shape: H 100X100 Frame Type: SMF
Loc :1.350 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.004 AlphaPr/Pe=0.005 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 $33=7.381E-05  Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 $22=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

1.35 -202.646 | 0.801 -0.492 -0.023 0.598 |-4.02E-04

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio:  0.004 = 0.004 + 0.000 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -202.65 | 28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment 0.801 1917.666 | 1917.666
Minor Moment | -0.492 928.4
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 0.023 8200.604 | 2.82E-06 OK
Minor Shear 0.598 | 21868.28 | 2.74E-05 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 4 X Mid: 0.000 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Column
Length: 2.500 Y Mid: 0.000 Shape: H 100X100 Frame Type: SMF
Loc :0.000 Z Mid: 1.250 Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.003 AlphaPr/Pe=0.004 Tau_b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 S33=7.381E-05 Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 $22=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05  Cw=0.000

RLLF=1.000 Fu=40778038.3 z22=4.076E-05



STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu
0 -181.69 -0.091 -0.039 -0.101 -0.043 | 0.00E+00
PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio:  0.003 = 0.003 + 0.000 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)
AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 0.374
Minor Bending 1 1 1 1 1 0.371

Lltb Kltb Cb
LTB 1 1 2.186
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -181.69 | 28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment -0.091 | 1917.666 | 1917.666
Minor Moment | -0.039 928.4
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SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity | Ratio Check
Major Shear 0.101 | 8200.604 | 1.24E-05 OK
Minor Shear | 0.043 |21868.28 | 1.95E-06 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 2 X Mid: 1.500 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Column
Length: 2.500 Y Mid: 0.000 Shape: H 100X100 Frame Type: SMF
Loc :2.500 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.003 AlphaPr/Pe=0.004 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 $33=7.381E-05  Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 $22=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

2.5 -181.69 0.091 0.039 -0.101 -0.043 | 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.003 = 0.003 + 0.000 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 0.374
Minor Bending 1 1 1 1 1 0.371

Litb Kltb Cb
LTB 1 1 2.186
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -181.69 |28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -0.091 | 1917.666 | 1917.666
Minor Moment | -0.039 928.4
Vu phi*Vn Stress Status
Force | Capacity | Ratio Check
Major Shear 0.101 8200.604 | 1.24E-05 OK
Minor Shear 0.043 | 21868.28 | 1.95E-06 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 6 X Mid: 0.000  Combo: 1.2DL+1.6LL+1.2SDDesign Type: Column
Length: 2.500 Y Mid: 1.800 Shape: H 100X100 Frame Type: SMF
Loc :2.500 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.003 AlphaPr/Pe=0.004 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 $33=7.381E-05  Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 $22=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

2.5 -181.69 -0.091 -0.039 0.101 0.043 | 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.003 = 0.003 + 0.000 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 0.374
Minor Bending 1 1 1 1 1 0.371

Litb Kltb Cb
LTB 1 1 2.186
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -181.69 |28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -0.091 | 1917.666 | 1917.666
Minor Moment | -0.039 928.4
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 0.101 8200.604 | 1.24E-05 OK
Minor Shear 0.043 [ 21868.28 | 1.95E-06 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 10 X Mid: 1.500 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Column
Length: 2.500 Y Mid: 1.800 Shape: H 100X100 Frame Type: SMF
Loc :2.500 Z Mid: 1.250  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.003 AlphaPr/Pe=0.004 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.002 133=3.690E-06  r33=0.042 $33=7.381E-05  Av3=0.001
J=0.000 122=1.335E-06  r22=0.025 $22=2.670E-05  Av2=6.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=8.418E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=4.076E-05

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

2.5 -181.69 0.091 -0.039 -0.101 0.043 | 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.003 = 0.003 + 0.000 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 0.374
Minor Bending 1 1 1 1 1 0.371

Litb Kltb Cb
LTB 1 1 2.186
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -181.69 |28533.6 | 47928
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -0.091 | 1917.666 | 1917.666
Minor Moment | -0.039 928.4
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 0.101 8200.604 | 1.24E-05 OK
Minor Shear 0.043 [ 21868.28 | 1.95E-06 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)

Units : Kef, m, C

Frame : 3 X Mid: 0.750 Combo: 1.2 X Lift
Length: 1.500 Y Mid: 0.000  Shape: H 100X50
Loc :0.150 Z Mid: 0.000  Class: Compact

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.002 AlphaPr/Pe=0.004 Tau_b=1.000
EA factor=0.800 El factor=0.800

Design Type: Beam
Frame Type: SMF
Princpl Rot: 0.000 degrees
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PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 S$33=3.563E-05 Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0.15 56312 -3.631 0.048 198.28 -0.051 [ 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0.005 = 0.001 + 0.004 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Lltb Kltb Cb
LTB 1 1 3

Pu phi*Pnc | phi*Pnt

Force | Capacity | Capacity

Axial 56312 | 10338.4 | 25740.8




Major Shear | 198.28

Mu phi*Mn | phi*Mn

Moment | Capacity | No LTB

Major Moment | -3.631 | 952.067 | 952.067

Minor Moment | 0.048 211.564
SHEAR CHECK

Vu phi*Vn Stress Status
Force | Capacity | Ratio Check
6833.837 | 2.90E-02 OK

Minor Shear 0.051

9567.371

5.33E-06 OK
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AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 12 X Mid: 1.500 Combo: 1.2 X Lift Design Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :1.800 Z Mid: 0.000  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.002 AlphaPr/Pe=0.005 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

1.8 49.63 20.282 -0.064 | -102.575 | 0.722 | 0.00E+00

PMM DEMAND/CAPACITY RATIO  (H1.2,H1-1b)
D/C Ratio:  0.023 = 0.000 + 0.021 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 49.63 | 719299 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | 20282 | 952.067 | 952.067
Minor Moment | -0.064 | 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 102.575 | 6833.837 | 1.50E-02 OK
Minor Shear 0.722 9567371 | 7.55E-05 OK
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Audail 3
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 7 X Mid: 0.000 Combo: 1.2 X Lift Design Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :1.800 Z Mid: 0.000  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.001 AlphaPr/Pe=0.003 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000 ~ PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

1.8 -30.434 -0.996 -0.098 4.521 0.57 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio:  0.004 = 0.002 + 0.001 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -30.434 [ 7192.99 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -0.996 | 952.067 | 952.067
Minor Moment | -0.098 | 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 4.521 6833.837 [ 1.00E-03 OK
Minor Shear 0.57 9567371 | 5.96E-05 OK
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AUFAT 4
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 11 X Mid: 0.750 Combo: 1.2 X Lift Design Type: Beam
Length: 1.500 Y Mid: 1.800 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 0.000  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.001 AlphaPr/Pe=0.002 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 -32.383 -2.992 -0.361 -16.073 -3.086 [ 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio:  0.006 = 0.002 + 0.003 + 0.002
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 2.469
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -32.383 | 10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -2.992 | 952.067 | 952.067
Minor Moment | -0361 | 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 16.073 | 6833.837| 2.00E-03 OK
Minor Shear 3.086 9567.371 | 0.00E+00 OK
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muﬁ' 5
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 1 X Mid: 0.750 Combo: 1.2 X Lift Design Type: Beam
Length: 1.500 Y Mid: 0.000 Shape: H 100X50 Frame Type: SMF
Loc :1.328 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.013 AlphaPr/Pe=0.029 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

1.328 -379.79 11.788 0431 -34.561 -0.726 |-1.10E-02

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio:  0.033 = 0.018 + 0.012 + 0.002
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 0.216

Litb Kltb Cb
LTB 1 1 2.726
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -379.79 | 10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | 11.788 | 952.067 | 952.067
Minor Moment | 0431 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 34.561 | 6833.837 | 5.00E-03 OK
Minor Shear 0.726 9567371 | 7.59E-05 OK
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Ausail 6
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 8 X Mid: 1.500 Combo: 1.2 X Lift Design Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :0.300 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.014 AlphaPr/Pe=0.042 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 S33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 722=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0.3 -386.405 | 11.169 0375 32.821 0.601 1.00E-02

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.040 = 0.027 + 0.012 + 0.002
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 0.22

Litb Kltb Cb
LTB 1 1 2.074
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial | -386.41 [ 7192.99 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | 11.169 | 952.067 | 952.067
Minor Moment | 0.375 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 32.821 | 6833.837 | 5.00E-03 OK
Minor Shear 0.601 9567371 | 6.29E-05 OK
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Audail 7
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 5 X Mid: 0.000 Combo: 1.2 X Lift Design Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :1.800 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.001 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

1.8 8.442 0.166 -0.531 -1.173 0.575 | 3.00E-03

PMM DEMAND/CAPACITY RATIO  (H1.2,H1-1b)
D/C Ratio:  0.003 = 0.000 + 0.000 + 0.003
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 1.653
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 8.442 | 719299 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment 0.166 952.067 | 952.067
Minor Moment | -0.531 | 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 1.173 | 6833.837 | 0.00E+00 OK
Minor Shear 0.575 | 9567371 | 6.01E-05 OK
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Audil 8
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 9 X Mid: 0.750 Combo: 1.2 X Lift Design Type: Beam
Length: 1.500 Y Mid: 1.800 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.000 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000 ~ PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2 X Lift)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 4.104 0.19 -0.527 1.82 -0.687 [-3.00E-03

PMM DEMAND/CAPACITY RATIO  (H1.2,H1-1b)
D/C Ratio:  0.003 = 0.000 + 0.000 + 0.002
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 1.436
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 4.104 |10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment 0.19 952.067 | 952.067
Minor Moment | -0.527 | 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear 1.82 6833.837 | 0.00E+00 OK
Minor Shear 0.687 9567371 | 7.18E-05 OK
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NSUNEDY YNITITIU
Load Case NbfA® 1.2-DL+1.2-SDL+1.6-LL
ANUAIN 1

AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)

Units : Kef, m, C

Frame : 3 X Mid: 0.750 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.500 Y Mid: 0.000 Shape: H 100X50 Frame Type: SMF

Loc :0.000 Z Mid: 0.000 Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.000 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 S33=3.563E-05 Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 $22=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 0 -44.183 0 -142.982 0 0.00E+00




PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.046 = 0.000 + 0.046 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)

AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 0 10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -44.183 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity | Ratio Check
Major Shear | 142.982 | 6833.837 | 2.10E-02 OK
Minor Shear 0 9567.371 | 0.00E+00 OK
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AUFAT 2
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 12 X Mid: 1.500 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 0.000  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.000 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 0 -73.657 0 -199.254 0 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.077 = 0.000 + 0.077 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 2.284
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 0 719299 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -73.657 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 199.254 | 6833.837 | 2.90E-02 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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Audail 3
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 7 X Mid: 0.000 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 0.000  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.000 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000 ~ PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 0 -73.657 0 -199.254 0 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.077 = 0.000 + 0.077 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 2.284
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 0 719299 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -73.657 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 199.254 | 6833.837 | 2.90E-02 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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AUFAT 4
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 11 X Mid: 0.750 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.500 Y Mid: 1.800 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 0.000  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.000 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 0 -44.183 0 -142.982 0 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1-1b)
D/C Ratio: 0.046 = 0.000 + 0.046 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 0 10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -44.183 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 142.982 | 6833.837 | 2.10E-02 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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Audail 5
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 1 X Mid: 0.750 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.500 Y Mid: 0.000 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.001 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000 ~ PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05 Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 10.162 -7212 0 -24.857 0 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0.008 = 0.000 + 0.008 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3.001
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 10.162 | 10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -7.212 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 24.857 | 6833.837 | 4.00E-03 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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Audail 6
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 8 X Mid: 1.500 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.001 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 9.733 -11.932 0 -33.879 0 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0.013 = 0.000 + 0.013 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 2275
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 9.733 | 719299 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -11.932 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 33.879 | 6833.837 | 5.00E-03 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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Audail 7
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 5 X Mid: 0.000 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.800 Y Mid: 0.900 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.001 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 9.733 -11.932 0 -33.879 0 0.00E+00

PMM DEMAND/CAPACITY RATIO  (H1.2,H1-1b)
D/C Ratio:  0.013 = 0.000 + 0.013 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 2275
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 9.733 | 719299 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -11.932 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 33.879 | 6833.837 | 5.00E-03 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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Audil 8
AISC 360-10 STEEL SECTION CHECK (Summary for Combo and Station)
Units : Kef, m, C

Frame : 9 X Mid: 0.750 Combo: 1.2DL+1.6LL+1.2SDDesign Type: Beam
Length: 1.500 Y Mid: 1.800 Shape: H 100X50 Frame Type: SMF
Loc :0.000 Z Mid: 2500  Class: Compact Princpl Rot: 0.000 degrees

Provision: LRFD  Analysis: Direct Analysis

D/C Limit=0.950 2nd Order: General 2nd Order
Reduction: Tau-b Fixed

AlphaPr/Py=0.000 AlphaPr/Pe=0.001 Tau b=1.000
EA factor=0.800 El factor=0.800

PhiB=0.900 PhiC=0.900 PhiTY=0.900 PhiTF=0.750
PhiS=0.900 PhiS-RI=1.000  PhiST=0.900

A=0.001 133=1.781E-06  r33=0.040 $33=3.563E-05  Av3=5.833E-04
J=0.000 122=0.000 r22=0.011 522=5.869E-06  Av2=5.000E-04
E=2.039E+10 fy=25310506.54 Ry=1.500 z33=4.180E-05  Cw=0.000
RLLF=1.000 Fu=40778038.3 z22=9.288E-06

STRESS CHECK FORCES & MOMENTS (Combo 1.2DL+1.6LL+1.2SDL)

Location Pu Mu33 Mu22 Vu2 Vu3 Tu

0 10.162 -7212 0 -24.857 0 0.00E+00

PMM DEMAND/CAPACITY RATIO (H1.2,H1-1b)
D/C Ratio: 0.008 = 0.000 + 0.008 + 0.000
= (1/2)(Pr/Pc) + (Mr33/Mc33) + (Mr22/Mc22)



AXIAL FORCE & BIAXIAL MOMENT DESIGN  (H1.2,H1-1b)

Factor L K1 K2 Bl B2 Cm
Major Bending 1 1 1 1 1 1
Minor Bending 1 1 1 1 1 1

Litb Kltb Cb
LTB 1 1 3.001
Pu phi*Pnc | phi*Pnt
Force | Capacity | Capacity
Axial 10.162 | 10338.4 | 25740.8
Mu phi*Mn | phi*Mn
Moment | Capacity | No LTB
Major Moment | -7.212 | 952.067 | 952.067
Minor Moment 0 211.564
SHEAR CHECK
Vu phi*Vn Stress Status
Force | Capacity Ratio Check
Major Shear | 24.857 | 6833.837 | 4.00E-03 OK
Minor Shear 0 9567.371 | 0.00E+00| OK
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Materials Data Design Size Strength Reduction Factor
fc' = 280 ksc. Short = 1.50 m B1 = 0.85 -
fyl = 2400 ksc. long = 1.80 m [ = 0.90 -
fy2 = 2400 ksc. Cover = 0.03 m & = 0.85 -
Slab Thick Load Combination 1.4DL + 1.7LL Design Condition
m = 0.83 Two Way DL = 240 kg./sq.m. Pob = 0.0605 -
Erin 3.67 cm. SDL = 150 kg./sq.m. P max 0.0454 -
t = 10 cm. LL = 150 kg./sq.m. Pmin = 0.0058 -
Wu = 801 kg./sq.m. p = 0.0303 -
Ru 61.58 ksc.
Greq = 0.34 cm.
T Short Span Long Span L
Disc.- Mid.+ Disc.- Disc.- Mid.+ Disc.-
C = Moment Coefficient }0.042 0.062 0.042 0.033 0.050 0.033 -
Mu = CWus? 75.7 111.7 75.7 59.5 90.1 59.5 kg-m.
d = Effective depth 6.55 6.55 6.55 5.65 5.65 5.65 cm.
Ru Mul/d,bd? 1.96 2.89 1.96 2.07 3.14 2.07 ksc.
prea = p_Required 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058 -
As = pbd 3.80 3.80 3.80 3.28 3.28 3.28 sg.cm.
Rebars @ Spacing RB9@0.15 RB9@0.15 RB9@0.15 RB9@0.175 RB9@0.175 RB9@0.175 m.
Dead Load on Beam 234.00 - 234.00 270.40 - 270.40 kg./m.
Live Load on Beam 90.00 - 90.00 104.00 - 104.00 kg./m.
Shear Check
Vu = 1.15(WuS/4) = 345.43 kg.
aVc = §0.53(Vfc)bd = 4937.59  kq. Ok
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